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BACKGROUND OF THE INVENTION 

(Field of the Invention] 

The present invention relates to interrupt 
control apparatus and methods, particuiarly to 
interrupt oontrol apparatus having a break-interrupt 
function of interrupting execution of a program in a 
so -called debugger, i.e., a system for supporting 
debug of a program. 
[Description of the Related Art] 

Conventionally, high-performance processors have 
been used in the fields of supercomputers, 
general-purpose computers, and workstations. In 
addition, recently, high-performance processors are 
also used in the field of built-in devices because 
the required processing capability increases. Such a 
pressor has an interrupt processing function. When 
an interrupt occurs, the processor performs interrupt 
accessing in accordance with an instruction of an 
interrupt handler, which is an interrupt processing 
program . 

When a processor is used in the field of 
supercomputers, general-purpose computers, or 
workstations, the interrupt handler is generally 
provided as part of the system program, 
contrastingly when a processor is used in the freld 
of built-in devices, the user often generates his own 
interrupt handler as part of an applioaticn program. 
Hence, when this interrupt handler is generated, not 
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only the application program but also th e interrupt 
, fap1f is subjected to debug. 

handl " ltSel has varlo us interrupt functions such 
A processor has vario 

a data breakpoint, a 
*n instruction breakpoint, a 
as an msttu^ . a = effective 

software .reappoint, and step execution 

fM cU„n S of support debug of a P"-^ 

» hv the instruction breakpoint, data 
interrupts by the m exec ution 
bre akpoint, software breakpoint, and P 
will be totally called a "break-interrupt and a 

t other than the break-interrupt Will be 
interrupt other discriminating 
called a "normal interrupt", thereby 

them from each other. hreakp oint occurs 

A „ interrupt by an instructs breakpor 

. ■ hreak address) of an 
^ (instruction break 

when the address register, 
instruction to be interrupted rs 
a nd the instruction break address set rn t r 
regis ter matches the instruction ad « ^ 
actually ekeouted instructron. An 
d ata breakpoint occurs when the address data 
address, of data to be interrupted is set m 
register, and the data break address set m th s 
raster matches the address of data accessed 
a ccordance with a load instruction or store 

""rtrerrupt by a software breakpoint occurs when 
. breakpoint instruction for generating an interrupt 

arbitrary position in a program, 
is inserted to an arbitrary P ^ 

and the breakpoint instructron rs 
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^^,r executed in accordance 
™ i* beino sequentially execute 
program is being q An interrupt 

with the progress of a program counter. 

rrlirs eV ery time one instruction 
by step execution occurs every 

of a program is executed. 

By using the a.ove-aesc,^ b reax-interrupt 

function, execution of a p.o.a^ ,3 

confir* repeated ^Ution store* m 

register or -ory, therehy -hugging the program 

«„. X 1. a representation showing an example of 
stat e transition when a processor interrupt occurs. 

t-o Fia 1, reference numeral 301 
Referring to Fig. ' • 

i n _ prat ive state without 
denotes a user state (normal operati 

^r,H ^02 denotes a 
any interrupt) of the processor; and 

ta te (privilege instruction executron 

— " r.rr. « > 

or, interrupt 303, i.e., <* 

• th e user state 301, the processor 
interrupt occurs in the user 

eha1 . p 302. When an 
transits to the supervisor state 

onA is executed in this 
interrupt return instructs 304 rs 

* ... 302 the processor returns to the 
supervisor state 302, tne p 

user state 301. 

Fig . 2 is a representation showing another 

example of state transition when a processor 

interrupt occurs. 

R eferring to Fig. 2, reference numeral 311 
denotes a user state of the processor.- an, 312. - 
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and 314 denote supervisor states of the processor 

nrocessing a normal application, 
When the processor xs processing 

n c! the user state 311- 
the state of the processor is the 

wh en an interrupt 315, i • - ■ - —irrupt °* 
normal interrupt occurs in the user state 3 
pro cesscr transits to the supervisor state 312. 

„ h en an interrupt return instruction 316 rs 
executed in the supervisor state 312. the processor 
ret urns to the user state 311. However, when an 
interrupt 317, i.e., a break-interrupt or normal 
llrrupt occurs in the supervisor state 312 
execution or the interrupt return instructs 31 
the processor transits to another supervisor state 
313. «hen an interrupt return instruction 318 rs 
executed in the supervisor state 313, the processor 
re turns to the previous supervisor state 312. 

Xnterrupt processing control will he descrrhed 

j_ _ vio 9 by exemplifying 
below with reference to Fxg. ^ 

processor state transition: user state 311 - 

• or state 312 - user state 311 due to an 
supervisor state ox^ 

interrupt. 

+ ^ i e , a break-interrupt 
When the interrupt 315, i.e., 

a r, i-h^ user state 311, tne 
or normal interrupt occurs in the 

^~-i«=-h<=»r information on 
processor writes, in a register, xn 

, processor state, and factor of 

program counter value, processor 

the interrupt at the ti*e or interrupt, thereby 

savin, the processor operation inror.ation before the 

interrupt. T he processor transits to the supervrsor 
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stat e ,„ and shifts processing f.« *>• application 

= r> -interrupt handler, 
program to an interrup 

immediately after the shift to P « «* 

interrupt handler, i.e., i-diately - * 

•«« rewrite in the register m 
interrupt processrng, 

which the program oounter value, P 

, the £acto r of the interrupt are wrrtten 
and the tacroi t W hen 

inhibited, thereby inhibiting a new rnterrupt. 

in errupt processing progresses to some e.ten 

va lue, the processor atate, an d the factor of 

„, are written is permitted, thereby 
interrupt are the interrupt 31T > • 

permitting a new interrupt (e.g., 

* ^v,o interrupt handler is 
When processing of the mterr P 

eimost ended, and the interrupt return 

316 is execut ed in the ^ ^ oe the 

orocessor returns to the uaer atate 

P ■ ,.•„. the processor operation 

interrupt. At thrs txme. P ^ 

information before the interrupt rs rest 
ba sis of the information on program counter 

„■ h ere written in the register 
processor state whrch are proc6s sor 

4- thereby returning tne pi« 
before the interrupt, thereoy 

, tate 311 before the interrupt, 
to the user state 

Immediately before this interrupt retur 

• register is inhibited, thereby 

write in the register of 

inhibiting a new interrupt. When interru - 

the processor is ended, rewrite in the — " 

n » r he orocessor state, 
which the program counter value, the pr 
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and th e £ ac MI of the interrupt are written is 
permitted, thereby permitting a new interrupt. 
P Rs described above, in the conventional interrupt 

control apparatus, when an interrupt -»»••;»*• 
■« ter used to write the processor operation 

in the register usea 

information is inhibited immediateiy after the 
interrupt operation and immediateiy before interrupt 

o~r, interrupt inhibition 
return. For this reason, xnterrup 

periods When a new interrupt is inhibited are present 
lm mediate ly after the interrupt operation and 
immediateiy before interrupt return. Xn addition, 
th e processor writes the processing operation 
information before the interrupt in the same register 
wlth out discriminating a brea*-inter, :u P t rem a 
normai interrupt. Hence, immediateiy aft 
interrupt occurs or immediately before its return, 

.-interrupt can occur because of the 
interrupt inhibition periods. F or this reason the 
interrupt handier cannot be completely debugged. 

Many conventional debug support systems have a 
bE ea*-interrupt function of interrupting execution of 
. program to verify the operation of the program. 
Th e breafc-interrupt function occasionally stops 
execution of a program at an arbitrary position 
d esignated in advance in the program to be debugged. 
This function is effective for program debug 
processing and incorporated in many debug aupport 
systems . 
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Thl s b reak-interrupt action can he - 

by various - £unctio ; d 

.-on of a program at a predetermined 
stopping execution of a pr g 

instruction. To use this function, the user 

.estates in advance an instruction at which 

Mon is to be stopped and then starts the 
execution is to " 

to be debugged. Thus, the program to be 
program to be aeouyy 

. ^ts execution with the designated 
debugged stops its execu 

„»n check or change the value 
instruction. The user can check 

of a register or memory at the time of stop, 

«f the program can be 
needed. After that, executron of the P 

resumed from the time of stop. 

To implement this breakpoint functron, 
exampie, an instruction breakpoint or software 

KrpakDoint can be used. 

I interrupt by an instruction breakpoint occurs 
wh en the address (instruction break addres s 
instruction to he interrupted is set m a register, 
and the instruction break address set in this 
reg ister matches the instruction address of 
actuaily executed instruction. 

More specifically, for this instruction hreak, 
b reakpoint register for holding the address of an 
instruction at which execution is to he stopped 
ot epared as hardware. when the instruction 
P P • t . r is detected during normal 

designated by this register is 

■ „, an application program, a normal 
processing of an appl 

interrupt occurs, the control is shifted 



support program through an interrupt processing 

o called interrupt handler, and 
program such as a so-called 

ftf it After that, when debug 
the user is notified of it. 

by the user is completed, and resummon of 
original Program is instructed, the control is 

h to the original application program, 
returned to o « breakpo int occurs when 

An interrupt by o position in 

an instruction designated at 

4. replaced with an instruction for 
a program is repiaocu 

j 4-v,« instruction for 

generating an interruy 
for generating an interrupt, a 

— be ;.:r;: 

orifically, when an instruction for 
More specifically, 

• ,n interrupt is detected during normal 
generating an mterru^ 

process, of an application P ro g ra» a 
bt ea*-interrupt occurs, the control rs shrfted 

h as a so-called interrupt handler, and 

:::::::: - — Mir 



program 



an instruction breakpoint has 
The scheme using an mstruc 
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the following characteristic features. 

. Th e program to be debugged need not be changed. 
. Execution of the instruction need not be 
simulated . 

. The number of settable breakpoints is 
substantially li.ifd because of limitations on 

hardware such as a register. 

■«■•,. -F^t-ure of the scheme using a 
As a characteristic feature 

software breakpoint, 

. a number of breakpoints can be set in a 

Pr09r F 7g 3 is a block diagram showing a conventional 
construction for implementing the instruction break 

scheme by a hardware mechanism. 

• ,o Flo 3, reference numeral 10 denotes 
Referring to Fig. 

a m emory which stores programs including an 
application and an interrupt handler; 20 denotes an 
instruction fetch section, 30 denotes an instruction 
execution section.- 40 denotes an interrupt control 
section; and 50 denotes a register section. 

Th e instruction fetch section 20 comprises a 
pIO gram counter <PC, 21 for indicating the address o 
an instruction word to be read out from the memory 10, 
an instruction register (IK, 22 for holding the 

instruction break detection section 23. The 

« on reads out an instruction 
instruction fetch section 20 reads 

WO rd 62 from the memory 10 on the basis of an 
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£1 inrii rated by the program 
instruction address 61 indrcateo y 

/u f k. read-out instruction 

counter 21 and writes/holds the read 

word 62 in the instruction register 22. The 
instruction fetch section 20 also supplies an 
instruction word 63 held in the instruction register 
22 to the instruction execution section 30. 

„ h en an instruction address 64 of a branch 
destination or an instruction address 65 for return 
from the interrupt state is supplied from the 
instruction execution section 30, or when an 
instruction address 66 of the interrupt handler is 
supplied from the interrupt control section 40, the 
instruction fetch section 20 writes the received 
instruction address in the program counter 21. 
Otherwise, the value of the program counter 21 rs 

^•-.iiw t-n read out the next 
incremented by one sequentially to read 

instruction word. 

The instruction break detection section 23 
oomprises breakpoint registers 24. 0 to 24.„, 
determination sections 25. 0 to 25.. provided in 
acoordance with the registers, respectively, and an 
OR circuit 26 for ORing determination results from 
the determination sections 25., to 2S.„. 

Each of the breakpoint registers 24.. to 24.. has 
an address register 24a for holding the address of a 
ereakpoint at which execution is to be stopped, and , 
flag register 24b representing whether the 
instruction break operation is valid. The flag 
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register 24b having a value »1» means an instruction 
break operation valid state, and the flag register 
24b having a value "0" means an instruction break 

operation invalid state. 

Each of the determination sections 25_ 0 to 25_ n 
determines whether the generation condition for an 
instruction break held in the corresponding one of 
the breakpoint registers 24_ 0 to 24_ n is satisfied. 
More specifically, each of the determination sections 
25 0 to 25_ n compares the instruction break address 
held in the address register 24a of the corresponding 
one of the breakpoint registers 24_ 0 to 24. n with the 
current execution address supplied from the program 
counter 21, thereby determining whether the two 

addresses match. 

If the two addresses match, and the value of the 
flag register 24b is "1",. it is determined that the 
instruction break generation condition is satisfied. 
On the other hand, if the two addresses do not match, 
or the value of the flag register 24b is "0" though 
the two addresses match, it is determined that the 
instruction break generation condition is not 
satisfied. The determination sections 25_ 0 to 25_ n 
supply determination signals representing the 
determination results to the OR circuit 26. 

The OR circuit 26 performs OR operation to the 
determination signals supplied from all the 
determination sections 25_ 0 to 25_ n . When the 



• br eak veneration condition is satisfied 
instruction break gene 

for at least one determination section, the 
circuit 26 detects a break-interrupt by an 

traction breakpoint and notifies the interrup 
Itrol section ,0 of the break-interrupt using 
lnt errupt notification signal^ .7 ^ 

The instruction execution sectr 
processing such as caiculation, — 

or return from the interrupt state in 
load/store, or retur instruction 
accordance with the instruction <* 
wo rd 63 supplied from the instruction fetch sec 
20 F or example, if the supplied instruction is a 
emulation instruction, the instruction execution 

tion 30 executes calculation on the basis of 
dat a value 6, read out from a general-pur ose 
register (GR) 55 in the register section 50 wh 

. „ aH rir eS s 68, and writes a 
designated by a register address 

^ hv this calculation in the 
data value 70 obtained by this c 

. qter 55 designated by the 
general-purpose register 55 

register address 68. 
instruction address oi 

-<^n 20 If the supplied 
, hp instruction fetch section 20. 

the instru instruction 
instruction is a load instruc .ion n ^ 

— action 30 obtains th * ^ _ 

the memory 10 from the data 
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designated by the 

the general-purpose register 55 

fi R reads out read data 71 from an 
register address 68, reads 

are a of the memory 10, which corresponds to the 
effective address, and writes the read-out data in 
the general-purpose register 55 designated hy the 

register address 68. 

Mhen the supplied instruction is a store 
ins truotion. the instruction execution section 
stains t h e effective address on the 10 

register 55 desisted hy tne register address 68, 

ge „eral-purpose register 55 designated hy tne 
register address 68 in an area of tne memory 10. 
wh ich corresponds to tne effective address. 

„ h en tne supplied instruction is an rnstructron 
for return from tne interrupt state, the instruction 
execution section 30 executes tne return operation 
f rom tne interrupt state. More specifically, on the 
ba sisof operation information hefore tne interrupt, 
wh ich is held in each register of the —tar 
section 50, processing of restoring the operate 
information before the interrupt is executed. 

In this case, the value of a previous state 
agister (EPS*, 53 is written in a present state 
lister ,P8R, 54, and simultaneously, the value of a 
re turn address register <EPC R) 52 is read out, and 
th e read-out return address is supplied to the 
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on the branch 
instruction fetch sect.cn 20 as 

destination address 65. ^ 
Mhen an interrupt due to an erro 
. bv rero or data overf iow is detected rn 

dlV1S10n . calculation instruction by the 
executing a calcul instruction 
instruction execution sectron 0, th 
execution section 30 notices tne 

. 40 of the interrupt usrng an mterr 

t ^ , ntertupt due to a „ 

notification srgnal ' nd ^criminated 

■ - railed a normal interrup 
error 1S called insttuc ticn break or 

frcm a break-interrupt by an 

software break notlf ication signal 

Mh en recervrng lns truction fetch 

67 for a break-interrupt from the in 

6 * notification srgnal 74 

on or the interrupt notrrro 
sectron 20, or t lns truction executxon 

i ^nt-prrupt from tne iu=> 
for a normal interrup n 40 controls 

. ,n the interrupt control section 
section 30, the agister 
• fptch section 

interrupt n receiving th e interrupt 

More specrfrcal y 

notification srgnal 67 ^ 

^ an instruction address 

section 40 reads cut an 

. of interrupt from the program counter 
time of intenut^ 

on and writes tne 

ir..:r;r. — 
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interrupt that has occurred is suppUed to the 
instruction retch section 20 and set in the prolan 
counter 21. The interrupt controi section 40 aiso 
wr ites the processor state hefore the interrupt rn 
t „e previous state renter S3 and writes, in the 
present state register 54, the processor state that 
ha s transited in accordance with the interrupt. 

Th e register section SO has a condition raster 
51 in addition to the afcove-descrioed return address 
register 52, previous state register 53, present 
state register 54, and generai-purpose register 55. 
Th is condition register 51 holds a condition code 
that i s referred to when the instruction 
section 30 executes a conditional instruction, 
is supplied fro, the instruction fetch sectron 20. 
oonditional instruction means an instruction for 
Hh ich it is determined first whether a desrgnated 
condition is satisfied, and onl y when the condrtron 
is satisfied, designated processing such as data 

transfer or calculation is executed. 

• 4-or- S2 holds the original 
The return address register 52 hoi 

, the value 73 of the program 
instruction address (the value 

f (nrarruot) to which the 
4-«^ ?1 at the time of interrupt; 
counter 21 at me 

proceS sor will return fro, the interrupt state. The 
pr evious state register 53 holds the processor state 
(normal user state without any interrupt or 
supervisor state that has transited in accordance 
with the interrupt, before the interrupt. The 



- 15 - 



When 



present state register 54 holds the present processor 
state • 

The state transition of the processor will be 

briefly described. 

When the processor is processing a normal 
application program, the processor state is the user 
state. When an interrupt occurs in this user state 
the processor transits to the supervisor state. wh 
an interrupt return instruction is executed in this 
supervisor state, the processor returns to the user 
state . 

on the other hand, if another interrupt occurs 
before the interrupt return instruction is executed 
in the supervisor state, the processor transits from 
the current supervisor state to the next supervisor 
state. When the interrupt return instruction is 
executed in this new supervisor state, the processor 
returns to the previous supervisor state. 

The operation of the processor shown in Fig. 3 
will be described next. When the processor is in the 
user state, the instruction fetch section 20 reads 
out the instruction word 62 from the memory 10 on the 
basis of the instruction address 61 indicated by the 
program counter 21, and writes/holds the read-out 
instruction word in the instruction register 22. The 
instruction fetch section 20 also supplies the 

j ar> in the instruction register 

instruction word 63 held xn tne 

22 to the instruction execution section 30. 
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Th e induction execution section 30 decodes the 
instruction word 63 supplied the instruction 

retch section 20 ana executes processing of the 
supplied instruction in accor d ance with the 

suit. « no b rea,-interru P t or normal interrup 
occurs in this user state, the processor repeats the 

above operation. 

However, when the instruction fetch 
detects a oreax-interrupt , the instruction fetch 

... , he interrupt control section 40 
section 20 notifies the interr p 

of the b rea*-interrupt using the interrupt 
notification signal 67. When the instruction 
mention section 30 d etects a normal interrupt. 
— execution section » »*«>^Z~~* 
interrupt control sectron 40 of 
using the interrupt notification signal 74. 

• • ,he interrupt notification from 
When receiving the interrup 

th e instruction fetch section 20 or instruction 

• ,o the interrupt control section 
execution section 30, the 

40 controls the instruction fetch section 20 an 
register section 50 to perform processing as follows- 

,l„t. the interrupt control section 40 rea d s out 
th e currently in d icate d instruction stress 73 fro, 

counter 21 and writes the read-out 
the program counter register 
instruction address 73 in the return address 

Th e interrupt control section 40 also reads out 
the processor state User state, hefore the interrupt 



ouster 54, writes the read- 
from the present state register 

• , hP nrevious state register 
out processor state m the prev 

in the present state register 54, 
and , also writes, m accord ance 
the processor state that has transited 

«. Thus, the processor transits 
with the interrupt. Thus, 

. «-« the supervisor state. Tne 
from the user state to the sup 

n 0 ,Hon 40 also supplies the start 
interrupt control section 4u 

interr F . ^n-r corresponding to 

cc «f the interrupt handler corre t> 
address 66 of the fetch section 20 and 

«. i-he instruction tetcn 
the interrupt to the ins 

i„ the program counter 21. 
sets the address value in the pr g 

Th e processor which has transited to 

• state reads out the instruction word 62 of 
supervisor state reau 

, handler to the instruction fetch 
the interrupt handler ^ q£ 

section 20 in accordance with the 

w h -is set in the program 
the interrupt handler, which is 

21 temporarily holds the read-out 
counter 21, P instruction agister 22, and 

instruction word m the instrU ction 
th en supplies the instruction word to 

execution section 30. decodes the 

The instruction execution section 30 

„ S3 and executes processing 
, . j instruction word 63 ana 
supplied mstruc time ^ 

in accordance with the decoding result. At 

the instruction execution section 30 repeats he 

. „f executing the instruction word 63 
operation of executing addres s of the 

nv sucplied toward the end address o 
sequentially supplie interrupt 
interrupt handler. When processing of the 
hand ler corresponding to the interrupt is , 
processor executes the interrupt return instruct 
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interrupt return instruction, 
When receiving the interrupt 

the instruction execution section 30 reads out the 
val ue of the previous state register 53 and writes 
th. vaiue in the present state register 54. Thus, 

or transits from the supervisor state to 
the processor transits i 

the user state. The instruction execution sectron 
also reads out the origins! instruction address to 
„ h ich the processor will return fro, the interrupt 
state fro, the return address register 52, suppires 
th. instruction address to the instruction fetch 
section 20 as the .ranch destination address 65. and 
sets the instruction address in the program counter 

2 1 

' on the basis of the origins! instruction address 
61 set in the program counter 2!, the instruction 
tetch section 20 reads out the instruction word 62 
for the norma! operation from the memory 10, 
temporarily holds the instruction word 62 in the 
instruction register 22, and then supplies the 
instruction word to the instruction execution sectron 
30 The instruction execution section 30 executes 
pressing of the remaining part of the application 
program corresponding to the normal operation. 

■p = hrpak-interrupt by an 
To set execution of a break 

instruction break, for an entry of interest in 

entries #0 to #n corresponding to the breakpoint 

• «. c 94 to 24 in the instruction break 
registers 24. 0 zo * H -* 

0-5 t-he tarqet address of a 
detection section 23, the targe 
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operation valid state is written 

24t> - „f the break-interrupt by an 

T o cancei execution of ^ 

instruction break, for an entry of int. 

^nn to the'breakpoint 
entries ,0 to #n corresponding 

,4 to 24 „ in the instruction break 
reg isters 24. 0 - ^ repre senting the 

detection sectron 23, 

instruction break operation invalid 

in the flag register 24b. con ventional 

Fig . 4 is a block diagram showing 
instruction for implementing the software 

"> * bieakPOlnt ^rrtcT'numerals as in 
in Fig. 4, the same reference 

„ te the same functional parts as in Fig. 3, 
Flg . 3 denote the descrip tion thereof will 

respectively, and a detailed descrrp 

be omitted detectin9 a nQtmal 

Rpferring to tig- ** ' s 

. ,n instruction address conversron 
interrupt due to an xnstru ^ 
»k» like, an instruction fetcn 

r l:^ — —~ - ot the 

III interrupt using an interrupt notification 

Si9 ir a breakpoint instruction is supplied in 

• ,„ instruction supplied from the 
pypcutinq an insti- 

eX6C y • 90 bv an instruction 

instruction fetch sectron 20 by an 

• ,o the instruction executron 
execution sectron 30, the 



section 30 notices the interrupt centre! section 40 
.I the software break-interrupt using an interrupt 

notification signal 82. 

Fig . 5 is a representation showing the 
construction of a breakpoint table held by the 
ln struction execution section 30 in the software 

bteak j;l:7ng to F ig. 3- a colu.n "VAI.XD" represents 
wh ether the breakpoint operation - 

. rpakDoint operation valid state 
"1" means a breakpoint o P c ^ ate 
value "0" m eans a breakpoint operation invalid state. 

A column "ADDRESS" holds the target address of a 
breakpoint at which execution is to he stopped X 
column " INSTRUCTION " holds a breakpoint targe 

• word The breakpoint target instruction 
instruction word. me u 

, a breakpoint instruction for 

word is replaced with a breakp 

ge neratin g a break-interrupt. - this reason 
Lcelin. the breakpoint operation, restoration 

• ,„„ data of the breakpoint target 
cone usrng the data 

instruction word held in the 

To set execution of a break-interrupt by a 
breakpoint instruction, for an entry of interest in 
entries t0 to .n of the breakpoint table shown in 
Fi g. 5, an instruction address representing a 
breakpoint is written in the 

breakpoint target instruction word is — 

colu.n " INSTRUCTION" , and the vaXue "X" 

th e breakpoint operation vaXid state is written 
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"VALID" in addition, the breakpoint 
the column "VALiu . < 
targ et instruction word is repuc. with a hreakpoint 

instruction for generating a 

Contrasting, to cancel execution of the 
break-interrupt by a .reappoint instruction for an 
entry of interest in the entries ,0 to .» of the 

r . rt 5 the breakpoint 
breakpoint table shown in Fig. 5, 

tarjet instruction word written in the column 
"INSTRUCTION 11 is read out and replaced with a 

^HrHtion, for the entry 
breakpoint instruction. In addition, 

of interest, the value -0- representing the 

i-a cfste is written in the 
breakpoint operation invalxd state 

column "VALID". , ranch 

a r-«» reauired to make the branch 
Recent processors are requxr 

i^w in order to improve the 
instruction use frequency low xn 

1 A For th is purpose, techniques 

processing performance. For thx 

including a conditional instruction or predxcated 
exe cution have been proposed ^ ^ Rathaii 
Architecture Specification ver. 1.0 f 

iQQ4 "incorporating Guarded 
Etc HPL 93-80 February 1994, Inco p 

Exe cution into Existing Instruction Set" D . N . 
Pnevmatikatos PDH Paper Wisconsin Univ. 1996, and 
.. The Benefit of Predicated Execution for Software 

TTTrqs-26 conference 
Pipelining" H.J. Warter etc. IIIC8S 

i r>n 4 97 - 606). 
-r»«i,ar-v 1993 Vol- 1/ PP- 4y/ 
Proceedings January 

However, in the conventional interrupt sche.e 
using an instruction break, as shown in rig. 3a 
break-interrupt always occurs when the instruction 
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brea* generation condition set in each of the 

,4 to 24 of the instructs 
oreafcpoint registers 24. 0 to 24.„ 

orea* detection section 23 xs satrsfred. 
r eason, in debugging a program containing a 
edit onai instruction, e.eoution of the progra. rs 
corrupted when the instruction brea. generatro 
condition is satisfied while the condition of 
conditional instruction is not satisfied. 

In the conventional interrupt scheme using 
.reappoint instruction, as shown in Fig- «. • 
br ea*-interrupt aiwa y s occurs when a brea.poin 
lns truction that has heen replaced in advance rs 
u plied. For this reason, in debugging a P ro,r „ 
ontainin, a conditional instruction. — » 
th e program is interrupted when the breafcpoin 

while the condition of the 
instruction is supplied whrle 

conditional instruction is not satisfied. 

SUMMARY OF THE INVENTION 
It ls the first object of the present invention 
to generate a brea.-interrupt even within the 
interrupt inhibition period. 

It is th . second object of the present invents 
to centre! generation of a breaK-interrupt in 

• a oroqram containing a conditional 
debugging a program conditio n of the 

instruction depending on whether 
conditional instruction is satisfied. 

^ first object, according 
in order to achieve the first 
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to the present invention, there is provided an 

interrupt controi apparatus having a function of 

normal interrupt and a function of brea.-interrupt, 

comprising a first information hoiding section for 

holding, at the time of a normal interrupt, operation 

f a nrocessor before the interrupt, a 
information of a processor 

second information holding section for holding, at 
the time of a breaK-interrupt , operation information 
of the processor before the breafc-interrupt , a return 
operation specifying section for specifying whether 
or not a return operation from a normal interrupt 
s tate or a return operation from a breaK-interrupt 
state is to be performed in returning from an 

^ ^ni-prruot return section 

interrupt operation, and an interrupt r 

for re-setting operation information held in the 
first information holding section or operation 
information held in the second information holding 
section in accordance with operation contents 
specified by the return operation specifying section, 
a „d thereby returning a state of the processor from 
an interrupt operation state to a state before the 
interrupt. 

According to the present invention, there is also 
provided an interrupt control method, comprising the 
steps of, when a normal interrupt occurs, holdxn, 
operation information of a processor before the 

. ■ 3 first information holding 
normal interrupt in a first 

hr 0a k-interrupt occurs, holding 
section, when a break interrup 

- 24 - 



operation information of the processor before the 
break-interrupt in a second information holding 
section different from the first information holding 
section and setting a flag for showing whether or not 
the break-interrupt state is set, to the 
break-interrupt state, and in returning the processor 
from the interrupt state to a state before the 
interrupt, selecting and restoring one of operation 
information in the first information holding section 
and operation information in the second information 
holding section in accordance with a value of the 
flag . 

According to the present invention having the 
above construction, when a break-interrupt occurs, 
processor operation information before the 
break-interrupt is saved in a holding section 
dedicated to the break-interrupt independently of 
that for a normal interrupt. In returning from the 
break-interrupt, the processor operation information 
before the break-interrupt is restored from the 
holding section dedicated to the break-interrupt. 
Thus, the operation information before a normal 
interrupt, which is required for returning from the 
normal interrupt state is not overwritten by the 
operation information saved at the time of 
break-interrupt. Hence, a break-interrupt can occur 
even within an interrupt inhibition period by a 
normal interrupt. 
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,ifically, according to the present 
More specifically, 

oration information at tne 
invention, the processor operation 

l held even witnxn 

time of break-interrupt can be 

inte rru P t inhibition periods 

n ormal intent operation ana immediately e 
interrupt return, so a break-interrupt can occur eve 
inieLi ^ . A upnce, when 

wi thin the interrupt inhibition period. Hence 

an interrupt h.ndler is generated as part or an 
applicetion, tne interrupt hendler can be completely 

det>U " ed ' .„ structi o„ address is held 

For example, only an instruction 

as the processor operation intonation before a 

. i • ~ -h^ held when a 
break-interrupt, which is to be hex 

t-M. return operation from the 
break-interrupt occurs, the return P 

, sta te can be executed with minimum 
break-interrupt state can o 

npressary operation information. 

necessary P sen t invention, 

Additionally, according to the P r 

<n . prruD t state, it can be 
ln returnin, from an interrupt operatio n 
specified whether the operation is a return P 

* a t a t e or normal interrupt 
from a break-interrupt state 

a flag representing whether the 
state by referring to a flag P 

~4- For this reason, even 
break-interrupt state is set. For t 

£or a break-interrupt that has occurred within the 
interrupt inhibition period b y a normal interrupt, 
the processor operation information before the 
br eak-interrupt can be accurately restored 
bre ak-interrupt can occur even within the interrupt 
inhibition period by the normal interrupt. 
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according to another characteristic feature of 
the present invention, in returning fro, the 
interrupt state, it can b e specified in accordance 

„ »n interrupt return instruction 
with the contents of an inter P ^ _ 

„ h ether the operation is a retur p ^ 

br eak-interrupt state or normal inter 

thl s reason, even for a hreak-interrupt that has 

occurred in the normal interrupt state, the proces or 

op eration information before the 

be accurately restored without preparing the fia 9 
representing whether the freak-interrupt state i set. 
Hence, a break-interrupt can be generated using 

small hardware resource. 

In order to achieve the second object, according 
to the present invention, there is provided an 
in terrupt control apparatus applied to a data 

= -Function of executing a, 
processing system having a functro detection 
conditional instruction, comprising a break 
section for detecting a breakpoint set at an 
arbitrary position of an instruction seguence. 
condition determination section for determining 
wh ether or not a condition of the conditional 
instruction is satisfied, and a control sect on 
controlling a break-interrupt on the basis of a 

i* from the break detection 
breakpoint detection result from the 

• „,<„„ result from the condition 
section and a determination resul 

determination section. 

More specifically, the apparatus comprises 
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^-h-ion for detecting an 
instruction break detection sectron 

instruction break in accordance wit, whether or 
an instruction correspond^ to an instruction 
add ress represent^ a breakpoint, which rs set n 
re9 ister, i. read out, and outputtin, a detectron 
i ai represent^ a detection resuit, a condition 
lunation section £ or detain, whether or not 
. condition or the read-out conditionai instruct on 
is satisfied and outputtin, a detection sr 9 na 
rep resentin 9 a determination resuit, and a 
op ration section £ or perform^ »0 operatro, ; t the 
section si 9 nai output ,oa t h e instructs r 
de tection section and the determination sr 9 nai output 
from tne condition determination section and sendrn, 
. break-interrupt notification in accordance „x*h 

AND operation result. 

flc cordin 9 to another aspect of the present 
invention, there is provided an interrupt «»»<> l 
apP aratus appiied to a data processin, 
function of executing a conditionai 
comprisin, an instruction break detection sect 
aetectin. an instruction break in accordance wrth 
aether or not an instruction correspond^ . 
instruction address represents a breakpo 
is set in a renter, is read out, and sends a 
br eak-interrupt notification in accordance wrth 
section resuit, and a controi section 
interrupt handier activated in accordance wrth 



- 28 - 



br eak-interrupt noUfication supplied from the _ 
L tI , ti o n .e, detection section, determining 
wh ether or not a condition of the conaitional 
Instruction is satisfied a„a controlling 
br eak-interrupt processing in accordance with 

determination result. 

, . „ hn at iii another aspect of tne e 
According to stiii 

,on there is proviaea an interrupt control 

..... ... .... —~~ -r 

• of executing a conditional instruction, 
a function of executing 

■ .„„ a software break detection sectron for 

wlth whe ther 

detecting a software break arbltrary 
. breakpoint instruction "Placed at an , 

•.•on of an instruction sequence xs exec 
rellin a Leak-interrupt notification in accordance 

it and a control section for, 
with a detection result, and a c 

* handler activated in accordance wxth 
in an interrupt handler act 

h ak interrupt notification supplied from the 
the break-xnter determining whether 

software break detectxon sectxon, 

no ta condition of the conditional 
satisfied and controlling break-interrupt processing 
in accordance with a determination 

According to the present inventron, there 
■ h d an interrupt control method of controlling 
provided an inter P gystem havlng a 

break-interrupt in a data pr 

• Bf executing a conditional instruction, 
function of execun»y 

. • the steps of detecting a breakpoint set 
comprising the step tion sequ ence. 

an arbitrary position of an instr 



- 29 - 



t\ condition of the 
d etermining whether or no, oontr olling 
conditional instruction is satisfied, 
the break-interrupt on the oasis of a — 
result o £ tne .reappoint and a determination result 
of th e conditional instruction. 

.ccording to tne present invention naving tne 
abo ve construction, a break-interrupt can be 

fko has is of the detection 
controlled not only on the basis 
t esult or a breakpoint such as an instruction 
or software break but also, when the supplied 

rion is a conditional instruction, on the 
inS " o 1 determination result or the oondition. 
HI , n debugging a program including a conditional 
instruction, when the condition of the conditional 

• truction is satisfied, program execution is 
instruction i conditional 
interrupted. When the condition of = 
instruction is not satisfied, an interrupt 
program execution can be inhibited. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig . 1 is a representation showing an example of 
state transition of a processor in a conventional 
interrupt control apparatus; 

Fig . 2 is a representation showing another 
example of state transition of the processor 
conventional interrupt control apparatus; 

Fig 3 is a block diagram showing the 
construction of a processor for implementing the 
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conventional instruction break scheme; 

Fig. 4 is a block diagram showing the 

„. , Dr ocessor for implementing the 
construction of a process 

conventional software break scheme; 

Flg . 5 ls a representation showing the 
construction of a breakpoint table usee in the 

software break scheme; 

Fig 6 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the first embodiment of the present 

inV6 t;% is a representation showing an example o 
state transition of a processor in the interrupt 

,. ,.„ rhe first embodiment 
control apparatus according to the 

Fig. 8 is a representation showing another 
example of state transition of the processor in the 
interrupt control apparatus according to the 

embodiment ; 

Fig 9 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the second embodiment of the present 
invention; 

Fig 10 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the third embodiment of the present 

invention; 

Fig. 11 is a block diagram showing the 

* *n interrupt control apparatus 
construction of an xnterrup 
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according to the fourth e— °* P-enf 
invention ; 

Fig. 12 is a block diagram showing the 

^ ,n interrupt control apparatus 
construction of an interrup 

„. ,o the fifth embodiment of the present 
according to the 

invention; 

Fig . 13 is a representation showing the 

f ,n interrupt return instruction 
instruction form of an mterrup 

. 4. a nH also the following 
used in the fifth embodiment and also 

* nresent invention; 

sixth to ninth embodiments of the presen 

Fig 14 is a block diagram showing the 

construction of an interrupt control apparatus 

according to the sixth embodiment of the present 

invention; 

Fig 15 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the seventh embodiment of the present 
invention; 

Fig 16 is a block diagram showing the 
construction of an interrupt control 
according to the eighth embodiment of the present 

invention; 

Fig 17 is a block diagram showing the 

construction of an interrupt control — * 
according to the ninth embodiment of the present 

invention; 

,i 9 . 18 is a block diagram showing the 

■ at a data processing system (processor) 
construction of a data pi 
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according to the 10th embodiment of the present 
invention for implementing an instruction break 
scheme by a hardware mechanism; 

Fig l9 is a block diagram showing the 
construction of a determination section according to 

the 10th embodiment; 

Flg . 20 is a block diagram showing the 
construction of a data processing system .processor, 
according to the 11th embodiment of the present 
invention for implementing an instruction break 
scheme by a hardware mechanism; 

Fig 21 is a block diagram showing the 

n„ n section according to 
construction of a determination sectr 

the 11th embodiment; 

Fig. 22 is a block diagram showing the 
construction of a data processing system .processor, 
according to the 12th embodiment of the present 
invention for implementing an instruction break 
scheme by a hardware mechanism; 

Fig. 23 is a block diagram showing the 

v;^n section according to 
construction of a determmatron sect, 

the 12th embodiment; 

Fig. 24 is a block diagram showing the 
construction of a data processing system .processor, 
according to the 13th embodiment of the present 
invention for implementing an instruction break 
scheme by a hardware mechanism; 

Fig. 25 is a block diagram showing the 
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f , nn section according to 
construction of a determinate 

the 13th embodiment; 

Flg 26 is a block diagram showing the 
construction o £ a data processing s y stem .processor, 

c ording to the Kth embodiment of the prese 
invention for fomenting an instruction break 
scheme by a hardware mechanism; 

Fig 21 is a bloc, diagram showing the 

. of a determination section according to 
constructxon of a deter 

the 14th embodiment; 

Fig 28 is a block diagram showing the 

■ of a data processing system (processor, 
constructs of a data ' 

.cording to the 15th embodim en 
invention for implementing an instruct 
scheme by a hardware mechanism; 

Fig 29 is a block diagram showing the firs 

• Hon section according to 
construction of a determination 

the 15th embodiment; second 
Fig 30 is a block diagram showrn, the secon 

section according 
construction of the determination sect 

to the 15th embodiment; 

Fig 31 is a block diagram showing the third 

■ of the determination section according 
construction of the aer 

to the 15th embodiment; 

Fig 32 is a block diagram showing the 

'*<„„ section according 
construction of the determination sect 

to the 15th embodiment; 

Fig . 33 is a block diagram showing the fifth 
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.•on of the determination section according 
construction of tne 

to the 15th embodiment; 

Fig 34 is a block diagram showing the 
construction of a data processing system (processor) 
according to the 16th embodiment of the present 
invention for implementing an instruction break 
scheme by a hardware mechanism; 

Fig . 35 is a block diagram showing the first 

4.^„ action according to 
construction of a determination sectio 

the 16th embodiment; 

Fig 36 is a block diagram showing the second 
construction of the determination section according 

to the 16th embodiment; 

Flg 37 is a block diagram showing the third 
construction of the determination section according 

to the 16th embodiment; 

Fl9 . 38 is a block diagram showing the fourth 

- section according 

construction of the determination sect! 

to the 16th embodiment; 

Fig 39 is a block diagram showing the fifth 
construction of the determination section according 
to the 16th embodiment; 

Fig 40 is a block diagram showing the 
construction of a data processing system (processor) 
according to the 17th embodiment of the present 
invention for implementing an instruction break 
scheme by a hardware mechanism; 

Fig. 41 is a block diagram showing the first 
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section according to 
construction of a determrnatron sectr 

the 17th embodiment; 

Fig 42 is a bloc* diagram showing the second 
construction of the determination section according 
to the 17th embodiment; 

Fi g. 43 is a block diagram snowing tne thrrd 

section according 

. . the determination sec^xui 

construction of tne 

to the 17th embodiment; 

Fig 44 is a block diagram showing the fourth 
construction of the determination section according 

to the nth embodiment; 

Fig 45 is a block diagram showing the frfth 
construction of the determination section according 
to the 17th embodiment; 

Fig . 46 is a block diagram showing the 

. • on action according to 
construction of a determination secti 

the 18th to 21st embodiments of the present 

invention; example 
Fig 47 is a flow chart showing the 

• hw an instruction break-interrupt 
of processing by an ins^tu 

handier according to the 18th embodiment; 

Fig . 48 is a representation showing the frrst 
example of construction of a breakpoint table used rn 

the 18th embodiment; 

Fig . 49 is a flow chart showing the second 
example of processing by the instruction 
br eak-interrupt handler according to the 
embodiment ; 
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Fig . 50 is a flow chart showing the third example 
of processing by the instruction breax-interrupt 
handler according to the 18th embodiment; 

Fig . 51 is a representation showing the second 
example of construction o £ the breakpoint table used 
in the 18th embodiment; 

Fig . 52 is a flow chart showing the fourth 
example of processing by the instruction 
br eax-interru P t handler according to the 18th 
embodiment ; 

Fig . 53 is a flow chart showing the fifth example 
of processin, by the instruction break-interrupt 
handler according to the 18th embodiment; 

Fig 54 is a flow chart shewing processing by an 
instruction break-interrupt handler according, to the 

19th embodiment; 

rig. 55 is a representation showing the first 
example of construction of a breakpoint table used in 

the 19th embodiment; 

Flg . 56 ls a representation showing the second 
example of construction of the breakpoint table used 
in the 19th embodiment; 

Fig . 57 is a flow chart showing processing by an 

hrp»k-interrupt handler according to the 
instruction break-mtermp 

20th embodiment; 

Fig . 58 is a flow chart showing processing by an 

hrpak-interrupt handler according to the 
instruction breaK mteuu^ 

21st embodiment; 
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Fig . 59 is a representation showing the first 

„f a breakpoint table used in 
example of construction of a brea 

th . 22nd embodiment of the present invention; 

ri9 . 60 is a representation showing the second 
example of construction of the breakpoint table used 
in the 22nd embodiment; and 

Fi g. 61 is a representation showing the third 
example of construction of the breakpoint table used 
in the 22nd embodiment. 

DETAILED DESCRIPTION OE THE PREFERRED EMBODIMENTS 
Hereinafter, embodiments of the present invention 
Mill be described with reference to drawings. 

(First Embodiment) 

Fig 6 is a block diagram showing the 
construction of an interrupt controi apparatus 

„• ,0 the first embodiment of the present 
according to the 

invention. 

Fia 6, reference numeral 410 
Referring to Fig. o, 

d enotes a memor y which stores programs including an 
application and interrupt handler; 420 denotes an 

— — — — r rjtirrirr 

execution section; 440 denotes an interr 
section; and 450 denotes a register section. 

The instruction fetch section 420 comprises 
instruction fetch controller 421, a program counter 
422 , and an instruction word register 423. The 
induction fetch controller 421 reads out an 
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instruction word 472 from the memory 410 on the bans 
of an instruction address 471 indicated by the 
program counter 422 and writes/holds the read-out 
instruction word in the instruction register 423. 
The instruction fetch section 420 also supplies an 
instruction word 473 held in the instruction register 
423 to the instruction execution section 430. 

When an instruction address 474 of a branch 
destination or an instruction address 475 for return 
from the interrupt state is supplied from the 
instruction execution section 430, or when an 
instruction address 476 of a normal interrupt handler 
or a „ instruction address 477 of a break-interrupt 
handler is supplied from the interrupt control 
section 440, the instruction fetch section 420 writes 
the supplied instruction address in the program 
counter 422. Otherwise, the value of the program 
counter 21 is incremented by one to read out the next 
instruction word sequentially. 

When a break-interrupt by an instruction 
breakpoint or step execution is detected in reading 
out the instruction word 472 from, the memory 410, the 
instruction fetch controller 421 notifies the 
interrupt control section 440 of the break-interrupt 
using a break-interrupt notification signal 478. 
. „hen a normal interrupt due to an instruction address 
conversion error or the like is detected, the 
instruction fetch controller 421 notifies the 
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interrupt control section 440 of the normal interrupt 
using a normal interrupt notification signal 479. 

The instruction execution section 430 comprises 
an instruction word decoder 431, an instruction 
execution controller 432, a breakpoint controller 433, 
and an interrupt return controller 434. The 
instruction word decoder 431 decodes the instruction 
word 473 supplied from the instruction fetch section 
420 . 

If the supplied instruction word 473 is an 
instruction word for generating a break-interrupt by 
a software breakpoint, a break-interrupt generation 
instruction is supplied to the breakpoint controller 
433. If the supplied instruction word 473 is an 
instruction word for returning the processor from the 
interrupt state, an interrupt return instruction is 
supplied to the interrupt return controller 434. If 
the supplied instruction word 473 is an instruction 
word of another type, the decoded instruction is 
supplied to the instruction execution controller 432. 

The instruction execution controller 432 executes 
processing such as calculation, branch, or data 
load/store in accordance with the instruction 
supplied from the instruction word decoder 431. For 
example, if the supplied instruction is a calculation 
instruction, the instruction execution controller 432 
executes calculation on the basis of a data value 481 
read out from a general-purpose register (GR) 451 in 
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th e register section 4S0, which is — > 
reglster address 400, ana writes a data value 

regis ter 451 d esi g nate d by the rebate, agrees 430 . 

If the supplied instruction is a branch 
instruction, an d the branch condition is 
h e instruction execution controller .„ suppl.es the 

• address 474 o£ the branch destrnatron to 
instruction address * i * 

420 If the supplied 
the instruction fetch section 420. 

instruction or a store 
instruction is a load instru ,. roller 432 

instruction, the instruction execution 
ob tains the elective address on the 

register 451 desisted b y the register a res 4 

j ri . ta 483 or writes write data 4«4 
and reads out read data 4»J o 

™ Aio which corresponds 
/■ =.r, area of the memory 4iu, wnx 
from/in an area <->j- 

to the effective address. 

Mhe n detects a breaK-interrupt b y a data 

• , the instruction execution controller 432 

:::! ::: tne ti r rupt ^ «- - - 

al-mterrupt usin g a brea.-interrupt notification 

• >w 7ero or data ovei-^-j-^ 
such as division by zero 

in executing a calculation Instruction, the 

instruction execution controller 43, 

in terru P t control section 440 of the 

u sin g a normal interrupt notification sr g nal 486. 

In accordance with the brea.-interrupt g eneratron 
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,„h from the instruction word 
instruction supplied from ^ 
oecoder 431. the .reappoint controller 433 
the interrupt control section 
br eaK-interrupt usino a orea.-mterrupt 

signal 487. executes a 

T „e interrupt return controller 
r eturn operation from the interrupt state rn 

ordance with the interrupt return instr c o„ 

this time, the interrupt return 

sp eci,ies, on the hasis o £ pieces oi ope, ^» 

hofnre the interrupt, wnicn 
I—:::: renter section 4S0, whether the 

ration is a return operation 
interrupt state or orea.-interrupt state, and 
re stores the operation information herore 

interrupt. comprises a 

The interrupt control section 

roller 441 and break-interrupt 
i intprrupt controller «*■* 
normal interrup norma l interrupt 

. ner 442. When receiving the norma 
controller 44^. instruction fetch 

notification signal 479 from the xn.t 
section 4,0 or the normal interrupt ^ 1 

. , 4 86 from the instruction execution sectio 
signal 486 controls the 

i interrupt controller 4«i 
the normal xnterrup section 

* section 420 and register 

instruction fetch section 

To t o e^e . shift operation to the normal 

inte :;r z::* - — — notification 
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. al 479 or 486, the normal interrupt controller 
signal 479 or arltitess 488 at the time 

44 1 reads out an instruction address 

of normal interrupt f rom the ^^ '^ 
section 420, supplies a start address 476 or the 
normal interrupt handler to the instruction retch 

interrupt controller 
«vor 422 The normal interruy 
counter . , h 

• r oH nieces of information on the 
also writes received pxeces o 

„ t e g , Pieces of information on the 
normal interrupt, e.g., P interrupt 

= the time of normal interrupt 
instruction address at the 

, ^ is ters in the register section 450. 
" reglStSr . the break -interrupt notification 

When receiving the break 

signal 478 from the instruction retch 
one or the b rea*-interrupt notification 

d 467 from the instruction 
the hrea.-interrupt controller 442 controls the 
instruction fetch section 420 and register section 
450 to execute a shift operation to the 
breal c-interrupt state. noti£ ication 

When receiving the breaK in 
slgna l 478, 485, or 487, the ^ >fc 

controller 442 loads an instruction address 
the time of hrea.interrupt from the ^ ^ 
fetc h section 420, supplres the ^ (etch 
the oreaK-interrupt handler to the instructi 

, ■ 420 and sets the address in the program 
section 420, ana , 442 also 

counter 422. The oreaK-interrupt controller 
writes received pieces of information on the 
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Bt e a , Pieces of information on the 
br ea*-interrupt, P break _ ln terrupt in 

instruction address at the trm 
tegisters in the register section 450. 

The register section 450 includes the 

,..« 451 for holding data to be 
general-purpose ^ fcy ^ lnstru ction 

us ed for calculation or the ^ ^ 
execution section 430, and regrsters 45 

* «4-^Y-c= 452 to 4b/ zoj- 

described below). The regrsters 
int errupt control will be described below 

xhe normal return address register (C8CR, 452 

■ nal instruction address (the value 488 
hol ds the orrgrnal net ^ ^ 

of the program counter 422 

interrupt) to which the processor wrll retur 
I normal interrupt state. The normal pre.ro 

, interrupt (normal user state or 
before the normal rnterrup ^ 

supervise, state, . The normal factor g 
454 holds the factor of a normal inter P ^ 
.alues of these registers 452 to 45 a 
time of normal interrupt. The normal ret 
register 452, normal previous state regrster 

f ,rer 454 constitute the first 
normal factor regrster inven tion. 
information holding sectron of P 

Th e breaK return address register (8S8CR, 45 

^ (the value 4by 

hold s the original instructron address (t 

a?? at the time of 
o£ the program counter 422 

u-^v, t-he processor will retui 
break-interrupt) to whrch the P r 
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,. .mh The value of this 
from the break-interrupt state. 

■ t « is set at the time of break-interrupt. Thrs 
register is set 

break return address register 455 constitutes h 
second information holding section of the present 
seLUl « ~+. 4 ^ the normal 

invention. The instruction address set xn th 

return address register 45 2 or hreak return add e 
register 455 is suppiied to the instructron fetch 

an H the address value 
from the interrupt operatxon, and the 

is set in the program counter 422. 

. . i be) 456 represents whether a 
The flag register (BE) 4t>o 

- «f a te is set. The value "0" 
br ea k -interrupt state ^ 

indicates a non-break-interrupt state, 

4- ^+-3+-^ The initial 
• V indicates a break-interrupt state. - 

valu e of the flag register 456 is When a 

break-interrupt occurs, the value transits from 
to . x . xn returning from the break-interrupt state, 
t he value transits from -1- to "0". The fla 9 
register 456 constitutes the return operatron 
specking section of the present inve, tion 
The present state register (PSR) 

current processor state. 

Fi9 , is a representation showing an example 

state transition of the processor in the fxrst 
embodiment. 

Fia 7, reference numeral 201 
Referring to Fig. '/ 

,4- kp referred to as a normal 
denotes a user state (to be referr 

stat e hereinafter) without a normal interrupt 
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- on-> rtenotes a supervisor state (to 
break-interrupt; 202 denotes 

b e referred to as a normal interrupt state 

Hereinafter, without any b rea*-interrupt ; and 203 and 

2 04 denote supervisor states (to oe referred to as a 

break -interrupt state hereinafter, having a 

b rea K -interrupt. When the prooessor is processing a 

^oor- ctate is the normal 
normal application, the processor state 

state 201. 

W„en a normal interrupt 211 occurs in the normal 
state 201, the processor transits to the normal 
interrupt state 202. When a normal interrupt return 
ins truction 212 is executed in this normal interrupt 
state 202, the processor returns to the normal state 
20 1. When a b reaK-interrupt 213 or 215 occurs in the 
normal state 201 or normal interrupt state 202. the 
pressor transits to the b reax-interrupt state 203 
or 20 4. When a b rea*-interrupt return instruction 
214 or 216 is executed in the b rea*-interrupt state 

«,«r- returns to the normal state 
203 or 204, the processor returns 

* „f a t e 202 as the state before 
201 or normal interrupt state 2UZ 

the break-interrupt. 

Fig 8 is a representation showing another 
example of state transition of the processor in the 

first embodiment- 

Referring to Fig. 8. reference numeral 250 
denotes a normal state of the processor; 251, 252, 
and 253 denote normal interrupt states of the 

^ m 255 256, and 251 denote 
processor; and 254 , i», 
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r states of the processor. When the 

when . normal mterr p ^ 
state 250, the processor trans 

* . t ,t. 251. When a normal rnterrup 

interrupt 

• ~ 9^9 is executed in 

instruction 262 state 

«. 951 the processor returns to the n 
state 251, inte rrupt 265 occurs before 

o C n T f another normal interrup 

25 , interrupt return instruction 

..i„n of the normal interrupt 
execution of tn processor 

=i interrupt state 251, tne f 
262 in the normal rnterrup 

transits from the normal interrupt state 

r , t ,t, 252. When a normal 
next normal interrupt state 25 ^ 

interrupt return instructs 266 rs ex 
normal interrupt state 252, the proee or 

th . pr e.ious normal ^, or m 

When a break-interrupt 263, 

2 52, an, 253, the processor transits to 

state 251, tv-r 757 
the ^-interrupt state »^»»^ , 268 , 
When a hrea.-interrupt return , t , t . 
270 , or 2,2 is execute* in the ^ " ^ 
25,, 255, 256, or 25,, the process 

,tate 250 or normal xnterrup 
previous normal state 

251, 252, or 253. apparatus 

* -interrupt control appaia 

The operation of the mterr p 

1n Fiq 6 will be described next by 
shown xn Fig- transition shown in 

exemplifying the processor state 
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* 201 - normal interrupt state 202 
Fig. 1= normal state 201 lnte rrupt state 

4- 0 t-*te 204 -» normal interrup 
- break-interrupt state ^« 

202 -* normal state 201. 

is m the normal state 201, 
When the processor is m 

Tier 421 shown in Fig- 
the instruction fetch controller 

■ „„rd 472 from the memory 
reads out the instruction word 

the basis of the instruction address 471 
410 on the basrs writ es/holds 
seated by the program counter ^ 
th e read-out instruction wor l ^ ^ 

lister 423. The instruc tion ... 

instruction word 473 nexa 
supplies the ins lnstr uction word 

instruction register 42J 

decoder 431. decodes the 

The instruction word decoder 
„ed instruction word 473 and supplies an 
received -s executlo n controller 

instruction to the accor dance 
432 or the breakpoint contr 
with th e decoding result, 
controller 432 or the breakpoint 

executes processing in accordance 

Tf the break-interrupt 213 or the 
instruction. If the D 

1 interrupt 211 does not occur in this 
normal mterrup operation. 

. ,nl the processor repeats the above 
state 201, the p controller 

However, when the instruction fetch 
m or the instruction execution controller 432 
detects the normal interrupt 211, the normal 

„„ 441 is notified of the normal 
interrupt controller « notif nation signal 

interrupt by the normal interrup 
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479 from the instruction fetch »«»^ « l " ^ 
noIMl interrupt notification signal 4S6 fro, the 

n1iar . 432 When receiving 
instruction execution controller 432. 

the normal interrupt notification fro, the 

roller 421 or the instruction 
instruction fetch controller 

<- n*r 432 the normal interrupt 
execution controller 4J^, 

controller 441 controls t h e instruction fetch sectron 
420 and t he register section 450 to perform 

processing as follows. 

First , the normal interrupt controiier 441 reads 
out t h e present!, indicate, instruction address value 
488 £rM tne pro 9 ra. counter 422 and wrrtes th 
out instruction address value 483 in tne nor.al 
retur „ address register 452 . The normal interrupt 
controller 441 also reads out tne processor state 
( nor,al state, hefore tne nor.al interrupt fro, 
present state register 457, writes tne read-out 

r state in the normal previous state regrster 
processor state xn 

453 , and also writes the factor of the normal 
interrupt in the normal factor register 454 

„. xt , tne normal interrupt controller 441 wrrtes, 
in the present state register 457, the processor 
state that has transited in accordance with the 
normal interrupt. The normal interrupt controller 
441 also supplies the start address 476 of the 
interrupt handler corresponding to the nor.al 
interrupt to the instruction fetch section 
sets the address value in the program counter 422. 
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tfote that the — 4S 6 Keeps the initial 

value -0-. Through the ahove-descrihed process, the 
va i , ta te 201 to the 

proce ssor transits fro* the nor.al state 

"~ 1 inte " UPt Sta h te oh 20 ha's transited to the normal 
The processor which has era 

t state 202 reads out the instruction word 
interrupt state instruc tion fetch 

472 of th . interrupt handler to t 
controller .21 i- accordance with th s 
476 o£ the interrupt handler, which 

nn ,„ 422, temporarily holds rne 
pr ogra m — " ' instruction word register 423, 

instruction word in the 

and then supplies the instruction word to 

instruction word /"j decodes the 

The instruction word decoder 
received instruction word 4,3 and supplies the 
instruction to one of the instruction execu ton 
controller 432, the hreaxpoint controller 4 3 an 
th e interrupt return controller 434 in acco rdance 

„, t The controller which has 
with the decoding result. 

• „ the instruction executes processing in 
received the inscru , , the 

with the received instruction. Unless 

interrupt 

br eax-interrupt 215 occurs in the 

state 202, the instruction execution section 430 

e ts the operation or executing the instruction 
„!' m serially supplied toward the final 
address of the interrupt handler. 

However, when the instruction fetch "--«»»•« 
42l . the instruction execution controller. 4 32 , 
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roller 433 detects the break-interrupt 
breakpoint controller 

the break-interrupt 
215 during this operation, the 

„o • notified of the break-interrupt by 
controller 442 is notified 

the break-interrupt notification signal 478 fro, 

the breax br eak-interrupt 

instruction fetch controller 421, 

■ ,i 485 from the instruction 
notification signal 485 trom 

„-,o or the break-interrupt 
execution controller 432, or 

i ART from the breakpoint 
notification signal 487 trom 

controller 433. interru pt notification 

When receiving the break-mterrup 
fro m the instruction fetch controller 421 the 
instruction execution controller 432, or the 

an the break-interrupt 
breakpoint controller 433, 

controller 442 controls the instruction fetch 

. ter sectl0 „ 450 to perfor, processing as 
420 and register section 

follows. 4-r-oller 442 reads 

First, the break-interrupt controller 

489 from the program counter 422, 

.dress value 489 in the break return 
instruction address ^ 

address register 455, and also writes 

register 456. ^ olle r 442 writes, 

Next, the break-interrupt controller 

pnt state register 457, the processor 
in the present state y 

••hoHi in accordance with tne 
state that has transited in 

- The break-interrupt controller 
break-interrupt. The orea . fsrruD t 
als c supplies the start auuress 4,7 .* the — 
hand ler correspond to the break-interrupt to 
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auction fetch section 420 and sets the address 
val ue in the program counter 422 . Through the above- 

n, nrocessor transits from the 
described process, the processo 

* =f»te 202 to the break-interrupt 
normal interrupt state 2U^ 

state 204. 

The processor which has transited to the 
b reak-interrupt state 204 reads out the instruction 
word 4,2 of the interrupt handler to the instruction 
fetch controller 421 in accordance with the start 
address 477 of the interrupt handler, which is set m 
th. program counter 422, temporarily holds the read- 
out instruction word in the instruction word register 
423 . and then supplies the read-out instruction word 
473 to the instruction word decoder 431. 

The instruction word decoder 431 decodes the 
received instruction word 473 and supplies the 
instruction to the instruction execution controller 
432 or the interrupt return controller 434 in 
accordance with the decoding result. The controller 
which has received the instruction executes 
processing in accordance with the received 
instruction. The instruction execution section 430 
re peats the operation of executing the instruction 
word 473 sequentially supplied toward the fxn.l 
address of the interrupt handler. 

When processing of the interrupt handler 
corresponding to the break-interrupt is ended, the 
processor executes the break-interrupt return 
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.wc Hme the interrupt return 
1-1 <c At- this time, u " c 
instruction 216. At 

L r , ti o„ read out - m e m0ry .1. ana supplred 

to the instruction word decoder 43! by the 
amotion retch section ,20 is decoded by the 

ins truction word decoder 431 and deterged 

Tn accordance witn 
interrupt return instructs. In 

this determination, the instruction word decode 
supplies the interrupt return instruction to 
interrupt return controller 434. 

• • the interrupt return instruction, 
When receiving the xnterrup 

, rnl1 p, 434 refers to tne 
the interrupt return controller 

eg register 456 in the renter section 450 an d 
Jer.ines whether the £ lag register 456 has 

hrpak-interrupt state, 
value "1" representing the break 

* the flag register 456 is "1", the 
the value of the flag 

,,. ftll pr 434 controls the 
interrupt return controller section 
fptch section 420 and register section 
instruction fetch secno 

450 to perform processing as follows. 

4su ^ x.^^ii^r 434 writes 

first, the interrupt return controller 

-0- in the rla, register 456. The interrupt return 

add ress register 455, the original instructs 
addr ess 4,5 to which the processor will return » 
th . b rea,-interrupt state, supplies the instruct on 
addr ess to the instruction f etch section 4,0. an 

set s the address value in the program counter 422 

0„ the basis or tne original instruction address 

m set in t h e pro,.- counter 422, tne instructs 
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* the instruction word 

fetch controller 421 reads out 

472 o£ the interrupt handler corresponds to the 
n or m al interrupt ,on the 410, temporarily 

hol ds the instruction word in the instructs word 
register 4,3, and then supplies the instruction w 
to the instruction execution section 430. T us, 
pro oessor returns from the hreaK-interrupt state 04 
0 the normal interrupt state 202 . The — « 
execution section 430 executes the renins 
processing of the interrupt handler corresponds 
the normal interrupt. 

* interrupt handler 

«hen processing of the rnterr p 

™=i interrupt is ended in the 
corresponding to the normal rnterr p 

r state 202, the processor executes 
normal interrupt state 

the normal interrupt return instruction 

time the interrupt return instruction read out from 

,-oH to the instruction word 
the memory 410 and supplied to 

d ecoder 431 hy the instruction fetch 
is d ecoded b y the instruction word decoder 431 ad 
d etermined as an interrupt return instruction. In 
acc ordance with this determination, the instruction 
uo rd decoder 431 supplies the interrupt return 
instruction to the interrupt return controller 434 

when receiving the interrupt return instruction, 
" the interrupt return controller 434 refers to the 

d etermines whether the flag register - ^ ' 
valu e I» this case, the flag register 4S6 



- 54 - 



the value »0» representing the n on-break-interrupt 
state. Hence, the interrupt return controller 434 
controls the Instruction fetch section 420 and 
register section 450 to perform processing as follows. 

The interrupt return controller 434 reads out the 
value of the normal previous state register 453 and 
wri tes the value in the present state register 457. 
The interrupt return controller 434 also reads out, 
from the normal return address register 452, the 
original instruction address 475 to which the 
processor will return from the normal interrupt state, 
supplies the instruction address to the instruction 
fe tch section 420, and sets the address value in the 

program counter 422. 

on the basis of the original instruction address 

471 set in the program counter 422, the instruction 
fetch controller 421 reads out the instruction word 

472 for the normal operation from the memory 410, 
temporarily holds the instruction word in the 
instruction word register 423, and then supplies the 
instruction word to the instruction execution section 
430. Thus, the processor transits from the normal 
interrupt state 202 to the normal state 201. The 
instruction execution section 430 executes the 
remaining part of processing of the application 
corresponding to the normal operation. 

As described above in detail, according to this 
embodiment, when a normal interrupt occurs, the 
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processor operation information « » - 

interrupt is saved by writing, in the normal «*«« 
address register 452, the original instruction 

v „iU return from the 
address to whioh the processor wxll 

normal interrupt state. When a break-interrup * . 
occurs, the processor operation information beo 
the b reak-interrupt is saved by writing, m the break 

■ „. r 455 the original instruction 
ret urn address register 455, th 

address to which the processor will return from 
b reak-interrupt state. In addition, whether a 
b reak-interrupt has occurred is set in the flag 
lister ,56. Xn returning from the interrupt, h 
on or addresses of the return address registers 2 
and ,55 is to he used is determined hy referring to 
th e value of the flag register 456. 

Rc cording to this construction, even wrthrn the 
corrupt inhihition periods mediately after the 
interrupt operation by a normal interrupt and 
mediately hefore interrupt return, when a write rn 
th e normal return address register 452, the normal 

• state register 453, and the normal factor 
prevrous state reg ^ 

register 454 is inhibited, the break 

55 different from the normal return address register 

4- occur even within 

= hrpak-interrupt can occuj. 
452. Hence, a break interrupt, 
the interrupt inhibition period by a 
R dditionally. the operation information 
normal interrupt or break-interrupt can be accurate 
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the value of the flag 
restored by referring to the v 

a « interrupt return 
register 456 in executing an inter 

instruction- 

(S econd Embodiment) inventi on 
The second embodiment of the p 

will be described next. 

Fig 9 is a block diagram showing the 

* ,n interrupt control apparatus 
construction of an mterrup 

. .he second embodiment. In Fig. ». 

the same 

S ame reference numerals as m 

vin 6 respectively, ana 
blocks as in Fig. re v 
description thereof will be omitted 

In the second embodiment shown m Fig. 9. * 

■ cr . rs 451 to 457 shown in Fig. 6, 
addition to registers 

break previous state register (BEPSR) 

.or state before a break-interrupt is 
the processor stare 

provided. return address 

in this embodiment, the normal retur 

.,1 previous state register 453, 
•over 452, the normal previuu 

St in.or.ation hoiding section oi the prese 

■„ , hC! break return address register 455 
mention, and 458 cons titute 

and the break previous state reg 
the second information hoidin, section or 

invention. consti tutes the return 

ThP flag register ^oo 

• nf the present invention 
op eration ^'^^^L^ apparatus 
The operation of the mterrup 
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• sm„ 9 will be described next by 
shown in Fig. 9 W1XJ - u . 

o«or state transition shown in 

Fig . 7: normal J 1 ^ ^ lnterrupt state 

break-interrupt state ^« 

202 - normal state 201. 

-i r, thP normal state 201 
When the processor in the norm 

transits to the ^ state 202 due t a 

normal interrupt, t h e sa.e operation as tnato £ 
interrupt control apparatus shown in rig. - 

Perf ° rmed ' in the normal interrupt 

When the processor is xn the 

sta te 202, end an instruction retch controller 421, 
an instruction execution controller 432, or an 
interrupt return controller 434 detects a 

, 915 a break-interrupt controller 
breat-interrupt 215, a ores 

is notified of the break-interrupt by . 
break -interrupt notification signel 473 fro. the 

n1eT - 421 a break-interrupt 
instruction fetch controller 421, 

• a i 485 from the instruction 
notification signal 485 trom 

exeou tion controller 432, or a break-interrupt 
notification signal 487 fro, the breakpoint 

controller 433. 

When receiving the break-interrupt notificatron 

f rom the instruction fetch controller 421, the 
instruction execution controller 432, or the 
breakpoint controller 433, the break-interrupt 
controller 442 controls an instruction fetch sectron 
an d . register section 450 to perform processrng 
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as follows. 

Fir st, the break-interrupt controller 442 reads 
out the o MI e,U, indicated instruction address value 
489 from a program counter 422. writes the read-out 
instruction address value 483 in the break return 

»1" in the flag 

address register 455, and also wrrtes 

register 456. The break-interrupt controller 442 

„«„,- state (normal interrupt 
also reads out the processor state 

state) before the break-interrupt fro. the present 
state register 457 and writes the read-out processor 
state in the break previous state register 458 

,„t. the hreak-interrupt controller 442 wrrtes, 
in the present state register 457, the processor 
state that has transited in accordance with the 
br eak-interrupt. The break-interrupt controller 42 
al so supplies a start address 477 or the interrupt 
handler corresponding to the break-interrupt to 
instruction retch section 420 and sets the address 
V alue in the program counter 422. By processing as 
.escribed above, the processor transits from the 

.. ,t,te 202 to the break-interrupt 
normal interrupt state 

state 204. 

The processor which has transited to the 
br eak-interrupt state 204 reads out an instruction 
word 472 of the interrupt handler to the Instructs 
fetch controller 421 in accordance with the start 
addres s 477 of the interrupt handler, which is set rn 
ch e program counter 422, temporarily holds the read- 
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out instruction word in an instruction word renter 
423, and then supplies the read-cut instruction word 
473 to an instruction word decoder 431. 

The instruction word decoder 431 decodes a 
re ceived instruction word 473 and supplies the 
instruction to the instruction execution controller 
432 or interrupt return controller 434 in accordance 
with the decoding result. The controller which has 
r eceived the instruction executes processing rn 
accordance with the received instruction. An 
instruction execution section 430 repeats the 
operation of executing the instruction word 473 
sequentially supplied toward the final address of the 

interrupt handler. 

When processing of the interrupt handler 
oorresponding to the break-interrupt is ended, the 
processor executes a break-interrupt return 
instruction 216. At this time, the interrupt return 
instruction read out from a memory 410 and supplied 
to the instruction word decoder 431 by the 
instruction fetch section 420 is decoded by the 
instruction word decoder 431 and determined as an 
interrupt return instruction. In accordance with 
this determination, the instruction word decoder 431 
supplies the interrupt return instruction to the 
interrupt return controller 434. 

When receiving the interrupt return instruction, 
the interrupt return controller 434 refers to the 
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flag register 456 in the register "0 .nd 

d— Wh et h e r th e fl . ^i- , 6 h as t e 
value .."representing the b rea k -interrupt state. 

. ^ flaq register 456 is "1", the 
the value of the flag rey 

4-v^iT«ar 434 controls the 
interrupt return controller 

instruction fetch section 420 and the register 
section 450 to perform processing as follows. 
sect nn . rnl ier 434 writes 

First, the interrupt return controller 

.0- in the flag register 456 and simultaneously reads 
out the value or the b reat previous state register 
458 end writes the value in the present state 
register 45,. The interrupt return controller 434 
also reads out, from the orea* return address 
register 455. an original instruction address 475 
wh ich the processor will return from the 
bteak -interru P t state, supplies the instruction 
add ress to the instruction fetch section 4 
se ts the address value in the program 

On the hesis of an original instruction address 
411 set in the program counter 422, the instruction 
£etch cont roller 4.1 reads out the instruction word 
472 of the interrupt handler corresponding to the 
normal interrupt from the memory 410. temporally 
hold s the instruction word in the instructs word 
register 4.3. and then supplies the instruction w 
to \he instruction execution section 430 . «... 
processor returns from the hrea.-interrupt Stat 04 
I th e normal interrupt state 202. The instructs 
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execution section 430 execute, the remaining part of 
processing of the interrupt handler corresponding to 
the normal interrupt. 

•p interrupt handler 

When processing of the mterr y 

corresponding to the normal interrupt is ended in the 
normal interrupt state 202, the processor executes a 
normal interrupt return instruction 212 and returns 
f rom the normal interrupt state 202 to the normal 
state 201. The operation at this time is the same as 
th at of the interrupt control apparatus shown in 

Fig • 6 • . _ 

Rs described above, in the second embedment, 

addition to the operation of the above-described 
fi rst embodiment, when a breax-interrupt occurs, the 
processor state before the breax-interrupt is written 
in the break previous state register 458. 

according to this construction, a breax-interrupt 
can occur even within the interrupt inhibition period 
by a normal interrupt, and additionally, the 
pro cessor state before the interrupt can be held even 

~+- Tn returning from the 
for the break-interrupt. In retur 

b reax-interrupt, the previous processor state can be 
easily restored only by referring to the value of one 
register . 

(Third Embodiment) 

The third embodiment of the present invention 

will be described next. 

Fig. 10 is a block diagram showing the 
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construction of an interrupt control apparatus 
according to the third embodiment. In Fig. 10, the 
same reference numerals as in Fig. 6 denote the same 

r. „ s resoectively, and a detailed 
blocks as in Fig. 6, respsciiv^i. 

description thereof will be omitted. 

in the third embodiment shown in Fig. 10, in 
addition to the registers 451 to 457 shown in Fig. 6, 
a break factor register (BECR) 459 for holding the 
factor (instruction breakpoint, data breakpoint, 
software breakpoint, or step execution) of a 
break-interrupt is provided. 

in this embodiment, the normal return address 
register 452, the normal previous state register 453, 
and the normal factor register 454 constitute the 
first information holding section of the present 
invention, and the break return address register 455 
and the break factor register 459 constitute the 
second information holding section of the present 
invention . 

The flag register 456 constitutes the return 
operation specifying section of the present invention. 

The operation of the interrupt control apparatus 
shown in Fig. 10 will be described next by 
exemplifying the processor state transition shown in 
Fig. 7: normal state 201 - normal interrupt state 202 
- break-interrupt state 204 - normal interrupt state 

202 -> normal state 201. 

When the processor in the normal state 201 
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transits to the normal interrupt state 202 due to a 
normal interrupt, the same operation as that of the 
interrupt control apparatus shown in Fig. 6 rs 
performed . 

When the processor is in the normal interrupt 
state 202, and an instruction fetch controller 421, 
an instruction execution controller 432. or an 
interrupt return controller 434 detects a 
break-interrupt 215, a break-interrupt controller 442 
is notified of the break-interrupt by a 
break-interrupt notification signal 478 fro, the 
instruction fetch controller 421, a break-interrupt 
notification signal 485 from the instruction 
execution controller 432, or a break-interrupt 
notification signal 487 from the breakpoint 

controller 433. 

„ h en receiving the break-interrupt notification 

from the instruction fetch controller 421, the 
instruction execution controller 432, or the 
breakpoint controller 433, the break-interrupt 
controller 442 controls an instruction fetch section 
420 and the register section 450 to perform 

processing as follows. 

First, the break-interrupt controller 442 reads 
out the currently indicated instruction address value 
489 from a program counter 422, writes the read-out 
instruction address value 489 in the break return 
address register 455, and also writes -1- in the flag 
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register 456. The break-interrupt controller 442 

also writes the factor of the break-interrupt in the 

break factor register 459. 

Next, the break-interrupt controller 442 writes, 

in the present state register 457, the processor 
state that has transited in accordance with the 
break-interrupt. The break-interrupt controller 442 
also supplies a start address 477 of the interrupt 
handler corresponding to the break-interrupt to the 
instruction fetch section 420 and sets the address 
value in the program counter 422. By processing as 
described above, the processor transits from the 
normal interrupt state 202 to the break-interrupt 
state 204. 

The processor which has transited to the 
break-interrupt state 204 reads out an instruction 
word 472 of the interrupt handler to the instruction 
fetch controller 421 in accordance with the start 
address 477 of the interrupt handler, which is set in 
the program counter 422, temporarily holds the read- 
out instruction word in an instruction word register 
423,. and then supplies the read-out instruction word 
473 to an instruction word decoder 431. 

The instruction word decoder 431 decodes a 
received instruction word 473 and supplies the 
instruction to the instruction execution controller 
432 or interrupt return controller 434 in accordance 
with the decoding result. The controller which has 
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received the instruction executes processing in 
accordance with the received instruction. An 
instruction execution section 430 repeats the 
operation of executing the instruction word 473 
sequentially supplied toward the final address of the 
interrupt handler. 

When processing of the interrupt handler 
corresponding to the break-interrupt is ended, the 
processor executes a break-interrupt return 
instruction 216. At this time, the interrupt return 
instruction read out from a memory 410 and supplied 
to the instruction word decoder 431 by the 
instruction fetch section 420 is decoded by the 
instruction word decoder 431 and determined as an 
interrupt return instruction. In accordance with 
this determination, the instruction word decoder 431 
supplies the interrupt return instruction to the 
interrupt return controller 434. 

When receiving the interrupt return instruction, 
the interrupt return controller 434 refers to the 
flag register 456 in the register section 450 and 
determines whether the flag register 456 has the 
value "1" representing the break-interrupt state. If 
the value of the flag register 456 is "1", the 
interrupt return controller 434 controls the 
instruction fetch section 420 and register section 
450 to perform processing as follows. 

First, the interrupt return controller 434 writes 
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"0" in the flag register 456. The interrupt return 
controller 434 also reads out, from the break return 
address register 455, an original instruction address 
475 to which the processor will return from the 
break-interrupt state, supplies the instruction 
address to the instruction fetch section 420, and 
sets the address value in the program counter 422. 

On the basis of an original instruction address 

471 set in the program counter 422, the instruction 
fetch controller 421 reads out the instruction word 

472 of the interrupt handler corresponding to the 
normal interrupt from the memory 410, temporarily 
holds the instruction word in the instruction word 
register 423, and then supplies the instruction word 
to the instruction execution section 430. Thus, the 
processor returns from the break-interrupt state 204 
to the normal interrupt state 202. The instruction 
execution section 430 executes the remaining part of 
processing of the interrupt handler corresponding to 
the normal interrupt. 

When processing of the interrupt handler 
corresponding to the normal interrupt is ended in the 
normal interrupt state 202, the processor executes a 
normal interrupt return instruction 212 and returns 
from the normal interrupt state 202 to the normal 
state 201. The operation at this time is the same as 
that of the interrupt control apparatus shown in 
Fig . 6 . 
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As described above, in the third embodiment, in 
addition to the operation of the above-described 
first embodiment, when a break-interrupt occurs, the 
factor of the break-interrupt is written in the break 
factor register 459. 

According to this construction, a break-interrupt 
can occur even within the interrupt inhibition period 
by a normal interrupt, and additionally, the 
interrupt factor can be held even for the 
break-interrupt. For this reason, in a 
break-interrupt handler, not only predetermined 
specific processing but also appropriate interrupt 
processing corresponding to the interrupt factor can 
be performed. 
(Fourth Embodiment) 

The fourth embodiment of the present invention 
will be described next. 

Fig. 11 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the fourth embodiment. In Fig. 11, the 
same reference numerals as in Figs. 6, 9, and 10 
denote the same blocks as in Figs. 6, 9, and 10, 
respectively, and a detailed description thereof will 
be omitted. 

In the fourth embodiment shown in Fig. 11, in 
addition to the registers 451 to 457 shown in Fig. 6, 
a break previous state register 458 and a break 
factor register 459 are provided. 
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In this embodiment, the normal return address 
register 452, the normal previous state register 453, 
and the normal factor register 454 constitute the 
first information holding section of the present 
invention, and the break return address register 455, 
the break previous state register 458, and the break 
factor register 459 constitute the second information 
holding section of the present invention. 

The flag register 456 constitutes the return 
operation specifying section of the present invention. 

The operation of the interrupt control apparatus 
shown in Fig. 11 will be described next by 
exemplifying the processor state transition shown in 
Fig. 7: normal state 201 -* normal interrupt state 202 
-> break-interrupt state 204 -* normal interrupt state 
202 — > normal state 201. 

When the processor in the normal state 201 
transits to the normal interrupt state 202 due to a 
normal interrupt, the same operation as that of the 
interrupt control apparatus shown in Fig. 6 is 
performed . 

When the processor is in the normal interrupt 
state 202, and an instruction fetch controller 421, 
an instruction execution controller 432, or an 
interrupt return controller 434 detects a 
break-interrupt 215, a break-interrupt controller 442 
is notified of the break-interrupt by a 
break-interrupt notification signal 478 from the 
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instruction fetch controller 421, a break-interrupt 
notification signal 485 from the instruction 
execution controller 432, or a break-interrupt 
notification signal 487 from the breakpoint 
controller 433. 

When receiving the break-interrupt notification 
from the instruction fetch controller 421, the 
instruction execution controller 432, or the 
breakpoint controller 433, the break-interrupt 
controller 442 controls an instruction fetch section 
420 and a register section 450 to perform processing 
as follows . . 

First, the break-interrupt controller 442 reads 
out the currently indicated instruction address value 
489 from a program counter 422, writes the read-out 
instruction address value 489 in the break return 
address register 455, and also writes "1" in the flag 
register 456. The break-interrupt controller 442 
also reads out the processor state (normal interrupt 
state) before the break-interrupt from the present 
state register 457 and writes the read-out processor 
state in the break previous state register 458, and 
simultaneously writes the factor of the 
break-interrupt in the break factor register 459. 

Next, the break-interrupt controller 442 writes, 
in the present state register 457, the processor 
state that has transited in accordance with the 
break-interrupt. The break- interrupt controller 442 
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also supplies a start address 477 of the interrupt 
handler corresponding to the break-interrupt to the 
instruction fetch section 420 and sets the address 
value in the program counter 422. By processing as 
described above, the processor transits from the 
normal interrupt state 202 to the break-interrupt 
state 204. 

The processor which has transited to the 
break-interrupt state 204 reads out an instruction 
word 472 of the interrupt handler to the instruction 
fetch controller 421 in accordance with the start 
address 477 of the interrupt handler, which is set in 
the program counter 422, temporarily holds the read- 
out instruction word in an instruction word register 
423, and then supplies the read-out instruction word 
473 to an instruction word decoder 431. The 
instruction word decoder 431 decodes a received 
instruction word 473 and supplies the instruction to 
the instruction execution controller 432 or the 
interrupt return controller 434 in accordance with 
the decoding result. The controller which has 
received the instruction executes processing in 
accordance with the received instruction. An 
instruction execution section 430 repeats the 
operation of executing the instruction word 473 
sequentially supplied toward the final address of the 
interrupt handler. 

When processing of the interrupt handler 
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corresponding to the break-interrupt is ended, the 
processor executes a break-interrupt return 
instruction 216. At this time, the interrupt return 
instruction read out from a memory 410 and supplied 
to the instruction word decoder 431 by the 
instruction fetch section 420 is decoded by the 
instruction word decoder 431 and determined as an 
interrupt return instruction. In accordance with 
this determination, the instruction word decoder 431 
supplies the interrupt return instruction to the 
interrupt return controller 434. 

When receiving the interrupt return instruction, 
the interrupt return controller 434 refers to the 
flag register 456 in the register section 450 and 
determines whether the flag register 456 has the 
value "1" representing the break-interrupt state. If 
the value of the flag register 456 is "1", the 
interrupt return controller 434 controls the 
instruction fetch section 420 and register section 
450 to perform processing as follows. 

First, the interrupt return controller 434 writes 
"0" in the flag register 456 and simultaneously reads 
out the value of the break previous state register 
458 and writes the value in the present state 
register 457. The interrupt return controller 434 
also reads out, from the break return address 
register 455, an original instruction address 475 to 
which the processor will return from the 
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break-interrupt state, supplies the instruction 
address to the instruction fetch section 420, and 
sets the address value in the program counter 422. 

On the basis of an original instruction address 

471 set in the program counter 422, the instruction 
fetch controller 421 reads out the instruction word 

472 of the interrupt handler corresponding to the 
normal interrupt from the memory 410, temporarily 
holds the instruction word in the instruction word 
register 423, and then supplies the instruction word 
to the instruction execution section 430. Thus, the 
processor returns from the break-interrupt state 204 
to the normal interrupt state 202. The instruction 
execution section 430 executes the remaining part of 
processing of the interrupt handler corresponding to 
the normal interrupt. 

When processing of the interrupt handler 
corresponding to the normal interrupt is ended in the 
normal interrupt state 202, the processor executes a 
normal interrupt return instruction 212 and returns 
from the normal interrupt state 202 to the normal 
state 201. The operation at this time is the same as 
that of the interrupt control apparatus shown in 
Fig. 6. 

As described above, in the fourth embodiment, in 
addition to the operation of the above-described 
first embodiment, when a break- inter rupt occurs, the 
processor state before the break-interrupt is written 
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in the break previous state register 458, and the 
factor of the break-interrupt is written in the break 

factor register 459. 

According to this construction, a break-interrupt 
can occur even within the interrupt inhibition period 
by a normal interrupt. In addition, even in a 
break-interrupt handler, the previous processor state 
can be easily restored only in returning from the 
break-interrupt, and appropriate interrupt processing 
corresponding to the break-interrupt factor can be 
performed . 
(Fifth Embodiment) 

The fifth embodiment of the present invention 

will be described next. 

Fig. 12 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the fifth embodiment. In Fig. 12, the 
same reference numerals as in Fig. 6 denote the same 
blocks as in Fig. 6, respectively, and a detailed 
description thereof will be omitted. 

Referring to Fig. 12, an interrupt return 
controller 434' executes a return operation from an 
interrupt state, like the interrupt return controller 
434 shown in Fig. 6. The interrupt return controller 
434' of this embodiment specifies whether the 
operation is a return operation from a normal 
interrupt state or a return operation from a 
break-interrupt state on the basis of information in 
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the interrupt return instruction and restores 
operation information before the interrupt. 

Additionally, in this embodiment, the flag 
register 456 used in the first to fourth embodiments 
is omitted, and instead, an interrupt return 
instruction (to be described later) contains 
information on whether a break-interrupt state is set. 

in this embodiment, a normal return address 
register 452, a normal previous state register 453, 
and a normal factor register 454 constitute the first 
information holding section of the present invention, 
and a break return address register 455 constitutes 
the second information holding section of the present 
invention . 

Fig. 13 is a representation showing the 
instruction form of an interrupt return instruction 
according to this embodiment. 

Referring to Fig. 13, reference numeral 101 
denotes a field representing an instruction code; and 
102 denotes a field representing an operand. In this 
embodiment, the instruction code 101 means an 
interrupt return instruction, and the value of the 
operand 102 means whether a break-interrupt state is 
set. The operand 102 having the value "0" means 
return from a normal interrupt state, and the value 
»1» means return from a break-interrupt state. 

The interrupt return instruction shown in Fig. 13 
is prepared at the end of each of an interrupt 
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handler for a normal interrupt and an interrupt 
handler for a break-interrupt. The value of the 
operand 102 of the interrupt return instruction for a 
normal interrupt is set to "0", and the value of the 
operand 102 of the interrupt return instruction for a 
break-interrupt is set to "1". The operand 102 of 
the interrupt return instruction constitutes the 
return operation specifying section of the present 
invention . 

The operation of the interrupt control apparatus 
shown in Fig. 12 will be described next by 
exemplifying the processor state transition shown in 
Fig. 7: normal state 201 -» normal interrupt state 202 
— break-interrupt state 204 -» normal interrupt state 
202 — » normal state 201. 

When the processor in the normal state 201 
transits to the normal interrupt state 202 due to a 
normal interrupt, the same operation as that of the 
interrupt control apparatus shown in Fig. 6 is 
performed . 

When the processor is in the normal interrupt 
state 202, and an instruction fetch controller 421, 
an instruction execution controller 432, or an 
interrupt return controller 434 detects a 
break-interrupt 215, a break-interrupt controller 442 
is notified of the break-interrupt by a 
break-interrupt notification signal 478 from the 
instruction fetch controller 421, a break-interrupt 
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notification signal 485 from the instruction 
execution controller 432, or a break-interrupt 
notification signal 487 from the breakpoint 

controller 433. 

When receiving the break-interrupt notification 

from the instruction fetch controller 421, the 
instruction execution controller 432, or the 
breakpoint controller 433, the break-interrupt 
controller 442 controls an instruction fetch section 

420 and register section 450 to perform processing as 

follows. 

First, the break-interrupt controller 442 reads 
out the currently indicated instruction address value 
489 from a program counter 422 and writes the read- 
out instruction address value 489 in the break return 

address register 455. 

Next, the break-interrupt controller 442 writes, 
in the present state register 457, the processor 
state that has transited in accordance with the 
break-interrupt. The break-interrupt controller 442 
also supplies a start address 477 of the interrupt 
handler corresponding to the break-interrupt to the 
instruction fetch section 420 and sets the address 
value in the program counter 422. By processing as 
described above, the processor transits from the 
normal interrupt state 202 to the break-interrupt 
state 204. 

The processor which has transited to the 
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break-interrupt state 204 reads out an instruction 
word 472 of the interrupt handler to the instruction 
fetch controller 421 in accordance with the start 
address 477 of the interrupt handler, which is set in 
the program counter 422, temporarily holds the read- 
out instruction word in an instruction word register 
423, and then supplies the read-out instruction word 
473 to an instruction word decoder 431. 

The instruction word decoder 431 decodes a 
received instruction word 473 and supplies the 
instruction to the instruction execution controller 
432 or the interrupt return controller 434' in 
accordance with the decoding result. The controller 
which has received the instruction executes 
processing in accordance with the received 
instruction. An instruction execution section 430 
repeats the operation of executing the instruction 
word 473 sequentially supplied toward the final 
address of the interrupt handler. 

When processing of the interrupt handler 
corresponding to the break-interrupt is ended, the 
processor executes a break-interrupt return 
instruction 216. At this time, the interrupt return 
instruction read out from a memory 410 and supplied 
to the instruction word decoder 431 by the 
instruction fetch section 420 is decoded by the 
instruction word decoder 431 and determined as an 
interrupt return instruction. In accordance with 



- 78 - 



this determination, the instruction word decoder 431 
supplies the interrupt return instruction to the 
interrupt return controller 434'. 

When receiving the interrupt return instruction, 
the interrupt return controller 434' refers to the 
operand 102 of the received interrupt return 
instruction and determines whether the value is "1". 
If the operand 102 has the value "1" representing 
return from the break-interrupt state, the interrupt 
return controller 434' controls the instruction fetch 
section 420 and register section 450 to perform 
processing as follows. 

First, the interrupt return controller 434' reads 
out, from the break return address register 455, an 
original instruction address 475 to which the 
processor will return from the break-interrupt state, 
supplies the instruction address to the instruction 
fetch section 420, and sets the address value in the 
program counter 422. 

On the basis of an original instruction address 

471 set in the program counter 422, the instruction 
fetch controller 421 reads out the instruction word 

472 of the interrupt handler corresponding to the 
normal interrupt from. the memory 410, temporarily 
holds the instruction word in the instruction word 
register 423, and then supplies the instruction word 
to the instruction execution section 430. Thus, the 
processor returns from the break-interrupt state 204 
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to the normal interrupt state 202. The instruction 
execution section 430 executes the remaining part of 
processing of the interrupt handler corresponding to 
the normal interrupt. 

When processing of the interrupt handler 
corresponding to the normal interrupt is ended in the 
normal interrupt state 202, the processor executes a 
normal interrupt return instruction 212. At this 
time, the interrupt return instruction read out from 
the memory 410 and supplied to the instruction word 
decoder 431 by the instruction fetch section 420 is 
decoded by the instruction word decoder 431 and 
determined as an interrupt return instruction. In 
accordance with this determination, the instruction 
word decoder 431 supplies the interrupt return 
instruction to the interrupt return controller 434'. 

When receiving the interrupt return instruction, 
the interrupt return controller 434' refers to the 
operand 102 of the received interrupt return 
instruction and determines whether the value is "1". 
In this case, the operand 102 has the value "0" 
representing return from the normal interrupt state. 
The interrupt return controller 434' controls the 
instruction fetch section 420 and the register 
section 450 to start the normal interrupt return 
operation. In this normal interrupt return operation, 
the same operation as that of the interrupt control 
apparatus shown in Fig. 6 is performed, and the 
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normal interrupt state 202 transits to the normal 
state 201. 

As described above, according to the fifth 
embodiment, when a normal interrupt occurs, the 
processor operation information before the normal 
interrupt is saved by writing, in the normal return 
address register 452, the original instruction 
address to which the processor will return from the 
normal interrupt state. When a break-interrupt 
occurs, the processor operation information before 
the break-interrupt is saved, by writing, in the break 
return address register 455, the original instruction 
address to which the processor will return from the 
break-interrupt state. In addition, an interrupt 
return instruction whose operand 102 has the value 
»0» is prepared at the end of an interrupt handler 
corresponding to a normal interrupt, and an interrupt 
return instruction whose operand 102 has the value 
»1« is prepared at the end of an interrupt handler 
corresponding to a break-interrupt. In returning 
from the interrupt, the address to be used, i.e., the 
address in the return address register 452 or 455 is 
determined by referring to the value of the operand 
102 . 

According to this construction, even within the 
interrupt inhibition periods immediately after the 
interrupt operation by a normal interrupt and 
immediately before interrupt return, the break return 
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address can be written in the break return address 
register 455 different from the normal return address 
register 452. Hence, a break-interrupt can occur 
even within the interrupt inhibition period by a 
normal interrupt. Additionally, the operation 
information before the normal interrupt or 
break-interrupt can be accurately restored by 
referring to the value of the operand 102 of an 
interrupt return instruction in executing the 
interrupt return instruction. Furthermore, since not 
a register but the operand 102 in the interrupt 
return instruction has an identifier representing 
return from the normal interrupt state or return from 
the break-interrupt state, the processor operation 
information before the interrupt can be restored with 
a minimum hardware resource. 
(Sixth Embodiment) 

The sixth embodiment of the present invention 
will be described next. 

Fig. 14 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the sixth embodiment. In Fig. 14, the 
same reference numerals as in Figs. 6, 9, and 12 
denote the same blocks as in Figs. 6, 9, and 12, 
respectively, and a detailed description thereof will 

be omitted. 

In this embodiment, an interrupt return 
instruction shown in Fig. 13 contains information on 
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whether a break-interrupt state is set, like in the 
fifth embodiment shown in Fig. 12. 

in this embodiment, a normal return address 
register 452, a normal previous state register 453, 
and a normal factor register 454 constitute the first 
information holding section of the present invention, 
and a break return address register 455 and a break 
previous state register 458 constitute the second 
information holding section of the present invention. 

The interrupt return instruction is prepared at 
the end of either of an interrupt handler for a 
normal interrupt and an interrupt handler for a 
break-interrupt. The value of an operand 102 of the 
interrupt return instruction for a normal interrupt 
is set to "0", and the value of the operand 102 of 
the interrupt return instruction for a 
break-interrupt is set to "1". The operand 102 of 
the interrupt return instruction constitutes the 
return operation specifying section of the present 
invention . 

The operation of the interrupt control apparatus 
shown in Fig. 14 will be described next by 
exemplifying the processor state transition shown in 
Fig. 7: normal state 201 - normal interrupt state 202 
- break-interrupt state 204 - normal interrupt state 
202 — * normal state 201. 

When the processor in the normal state 201 
transits to the normal interrupt state 202 due to a 
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normal interrupt, the same operation as that of the 
interrupt control apparatus shown in Fig. 6 is 
performed . 

When the processor is in the normal interrupt 
state 202, and an instruction fetch controller 421, 
an instruction execution controller 432, or an 
interrupt return controller 434 detects a 
break-interrupt 215, a break-interrupt controller 442 
is notified of the break-interrupt by a 
break-interrupt notification signal 478 from the 
instruction fetch controller 421, a break-interrupt 
notification signal 485 from the instruction 
execution controller 432, or a break-interrupt 
notification signal 487 from the breakpoint 

controller 433. 

When receiving the break-interrupt notification 
from the instruction fetch controller 421, the 
instruction execution controller 432, or the 
breakpoint controller 433, the break-interrupt 
controller 442 controls an instruction fetch section 
420 and register section 450 to perform processing as 
follows . 

First, the break-interrupt controller 442 reads 
out the currently indicated instruction address value 
489 from a program counter 422 and writes the read- 
out instruction address value 489 in the break return 
address register 455. The break-interrupt controller 
442 also reads out the processor state (normal 
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interrupt state) before the break-interrupt from the 
present state register 457 and writes the read-out 
processor state in the break previous state register 
458 . 

Next, the break-interrupt controller 442 writes, 
in the present state register 457, the processor 
state that has transited in accordance with the 
break-interrupt. The break-interrupt controller 442 
also supplies a start address 477 of the interrupt 
handler corresponding to the break-interrupt to the 
instruction fetch section 420 and sets the address 
value in the program counter 422. By processing as 
described above, the processor transits from the 
normal interrupt state 202 to the break-interrupt 
state 204. 

The processor which has transited to the 
break-interrupt state 204 reads out an instruction 
word 472 of the interrupt handler to the instruction 
fetch controller 421 in accordance with the start 
address 477 of the interrupt handler, which is set in 
the program counter 422, temporarily holds the read- 
out instruction word in an instruction word register 
423, and then supplies the read-out instruction word 
473 to an instruction word decoder 431. The 
instruction word decoder 431 decodes a received 
instruction word 473 and supplies the instruction to 
the instruction execution controller 432 or interrupt 
return controller 434' in accordance with the 
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decoding result. The controller which has received 
the instruction executes processing in accordance 
with the received instruction. An instruction 
execution section 430 repeats the operation of 
executing the instruction word 473 sequentially 
supplied toward the final address of the interrupt 
handler . 

When processing of the interrupt handler 
corresponding to the break-interrupt is ended, the 
processor executes a break-interrupt return 
instruction 216. At this time, the interrupt return 
instruction read out from a memory 410 and supplied 
to the instruction word decoder 431 by the 
instruction fetch section 420 is decoded by the 
instruction word decoder 431 and determined as an 
interrupt return instruction. In accordance with 
this determination, the instruction word decoder 431 
supplies the interrupt return instruction to the 
interrupt return controller 434'. 

When receiving the interrupt return instruction, 
the interrupt return controller 434' refers to the 
operand 102 of the received interrupt return 
instruction and determines whether the value is "1". 
If the operand 102 has the value "1" representing 
return from the break-interrupt state, the interrupt 
return controller 434' controls the instruction fetch 
section 420 and register section 450 to perform 
processing as follows. 
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First, the interrupt return controller 434' reads 
out the value of the break previous state register 
458 and writes the value in the present state 
register 457. The interrupt return controller 434' 
also reads out, from the break return address 
register 455, an original instruction address 475 to 
which the processor will return from the 
break-interrupt state, supplies the instruction 
address to the instruction fetch section 420, and 
sets the address value in the program counter 422. 

On the basis of an original instruction address 

471 set in the program counter 422, the instruction 
fetch controller 421 reads out the instruction word 

472 of the interrupt handler corresponding to the 
normal interrupt from the memory 410, temporarily 
holds the instruction word in the instruction word 
register 423, and then supplies the instruction word 
to the instruction execution section 430. Thus, the 
processor returns from the break-interrupt state 204 
to the normal interrupt state 202. The instruction 
execution section 430 executes the remaining part of 
processing of the interrupt handler corresponding to 
the normal interrupt. 

When processing of the interrupt handler 
corresponding to the normal interrupt is ended in the 
normal interrupt state 202, the processor executes a 
normal interrupt return instruction 212 and returns 
from the normal interrupt state 202 to the normal 
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state 201. The operation at this time is the same as 
that of the interrupt control apparatus shown in 
Fig. 12. 

As described above, in the sixth embodiment, in 
addition to the operation of the above-described 
fifth embodiment, when a break-interrupt occurs, the 
processor state before the break-interrupt is written 
in the break previous state register 458. 

According to this construction, a break-interrupt 
can occur even within the interrupt inhibition period 
by a normal interrupt, and additionally, the 
processor state before the interrupt can be held even 
for the break-interrupt. In returning from the 
break-interrupt, the previous processor state can be 
easily restored. 
(Seventh Embodiment) 

The seventh embodiment of the present invention 
will be described next. 

Fig. 15 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the seventh embodiment. In Fig. 15, the 
same reference numerals as in Figs. 6, 10, and 12 
denote the same blocks as in Figs. 6, 10, and 12, 
respectively, and a detailed description thereof will 
be omitted. 

In this embodiment, an interrupt return 
instruction shown in Fig. 13 contains information on 
whether a break-interrupt state is set, like in the 
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fifth embodiment shown in Fig. 12. 

In this embodiment, a normal return address 
register 452, a normal previous state register 453, 
and a normal factor register 454 constitute the first 
information holding section of the present invention, 
and a break return address register 455 and a break 
factor register 459 constitute the second information 
holding section of the present invention. 

The interrupt return instruction is prepared at 
the end of either of an interrupt handler for a 
normal interrupt and an interrupt handler for a 
break-interrupt. The value of an operand 102 of the 
interrupt return instruction for a normal interrupt 
is set to "0", and the value of the operand 102 of 
the interrupt return instruction for a 
break-interrupt is set to "1". The operand 102 of 
the interrupt return instruction constitutes the 
return operation specifying section of the present 
invention . 

The operation of the interrupt control apparatus 
shown in Fig. 15 will be described next by 
exemplifying the processor state transition shown in 
Fig. 7: normal state 201 - normal interrupt state 202 
- break-interrupt state 204 - normal interrupt state 
202 — » normal state 201. 

When the processor in the normal state 201 
transits to the normal interrupt state 202 due to a 
normal interrupt, the same operation as that of the 
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interrupt control apparatus shown in Fig. 6 is 
performed. 

When the processor is in the normal interrupt 
state 202, and an instruction fetch controller 421, 
an instruction execution controller 432, or an 
interrupt return controller 434 detects a 
break-interrupt 215, a break-interrupt controller 442 
is notified of the break-interrupt by a 
break-interrupt notification signal 478 from the 
instruction fetch controller 421, a break-interrupt 
notification signal 485 from the instruction 
execution controller 432, or a break-interrupt 
notification signal 487 from the breakpoint 

controller 433. 

When receiving the break-interrupt notification 
from the instruction fetch controller 421, the 
instruction execution controller 432, or the 
breakpoint controller 433, the break-interrupt 
controller 442 controls an instruction fetch section 
420 and register section 450 to perform processing as 
follows . 

First, the break-interrupt controller 442 reads 
out the currently indicated instruction address value 
489 from a program counter 422 and writes the read- 
out instruction address value 489 in the break return 
address register 455. The break-interrupt controller 
442 also writes the factor of the break-interrupt in 
the break factor register 459. 
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Next, the break-interrupt controller 442 writes, 
in the present state register 457, the processor 
state that has transited in accordance with the 
break-interrupt. The break-interrupt controller 442 
also supplies a start address 477 of the interrupt 
handler corresponding to the break-interrupt to the 
instruction fetch section 420 and sets the address 
value in the program counter 422. By processing as 
described above, the processor transits from the 
normal interrupt state 202 to the break-interrupt 
state 204. 

The processor which has transited to the 
break-interrupt state 204 reads out an instruction 
word 472 of the interrupt handler to the instruction 
fetch controller 421 in accordance with the start 
address 477 of the interrupt handler, which is set in 
the program counter 422, temporarily holds the read- 
out instruction word in an instruction word register 
423, and then supplies the read-out instruction word 
473 to an instruction word decoder 431. The 
instruction word decoder 431 decodes a received 
instruction word 473 and supplies the instruction to 
the instruction execution controller 432 or the 
interrupt return controller 434' in accordance with 
the decoding result. The controller which has 
received the instruction executes processing in 
accordance with the received instruction. An 
instruction execution section 430 repeats the 
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operation of executing the instruction word 473 
sequentially supplied toward the final address of the 

interrupt handler. 

When processing of the interrupt handler 
corresponding to the break-interrupt is ended, the 
processor executes a break-interrupt return 
instruction 216. At this time, the interrupt return 
instruction read out from a memory 410 and supplied 
to the instruction word decoder 431 by the 
instruction fetch section 420 is decoded by the 
instruction word decoder 431 and determined as an 
interrupt return instruction. In accordance with 
this determination, the instruction word decoder 431 
supplies the interrupt return instruction to the 
interrupt return controller 434'. 

When receiving the interrupt return instruction, 
the interrupt return controller 434' refers to the 
operand 102 of the received interrupt return 
instruction and determines whether the value is "1". 
If the operand 102 has the value "1" representing 
return from the break-interrupt state, the interrupt 
return controller 434' controls the instruction fetch 
section 420 and register section 450 to perform 
processing as follows^ 

First, the interrupt return controller 434' reads 
out, from the break return address register 455, an 
original instruction address 475 to which the 
processor will return from the break-interrupt state, 
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supplies the instruction address to the instruction 
fetch section 420, and sets the address value in the 
program counter 422. On the basis of an original 
instruction address 471 set in the- program counter 
422, the instruction fetch controller 421 reads out 
the instruction word 472 of the interrupt handler 
corresponding to the normal interrupt from the memory 
410, temporarily holds the instruction word in the 
instruction word register 423, and then supplies the 
instruction word to the instruction execution section 
430. Thus, the processor returns from the 
break-interrupt state 204 to the normal interrupt 
state 202. The instruction execution section 430 
executes the remaining part of processing of the 
interrupt handler corresponding to the normal 
interrupt . 

When processing of the interrupt handler 
corresponding to the normal interrupt is ended in the 
normal interrupt state 202, the processor executes a 
normal interrupt return instruction 212 and returns 
from the normal interrupt state 202 to the normal 
state 201. The operation at this time is the same as 
that of the interrupt control apparatus shown in 
Fig. 12. 

As described above, in the seventh embodiment, in 
addition to the operation of the above-described 
fifth embodiment, when a break-interrupt occurs, the 
factor of the break-interrupt is written in the break 
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factor register 459. 

According to this construction, a break-interrupt 
can occur even within the interrupt inhibition period 
by a normal interrupt, and additionally, the 
interrupt factor can be held even for the 
break-interrupt. For this reason, in a 
break-interrupt handler, not only predetermined 
specific processing but also appropriate interrupt 
processing corresponding to the interrupt factor can 
be performed. 
(Eighth Embodiment) 

The eighth embodiment of the present invention 

will be described next. 

Fig. 16 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the eighth embodiment. In Fig. 16, the 
same reference numerals as in Figs. 6, 9, 10, and 12 
denote the same blocks as in Figs. 6, 9, 10, and 12, 
respectively, and a detailed description thereof will 

be omitted. 

In this embodiment, an interrupt return 
instruction shown in Fig. 13 contains information on 
whether a break-interrupt state is set, like in the 
fifth embodiment shown in Fig. 12. 

In this embodiment, a normal return address 
register 452, a normal previous state register 453, 
and a normal factor register 454 constitute the first 
information holding section of the present invention, 
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and a break return address register 455, a break 
previous state register 458, and a break factor 
register 459 constitute the second information 
holding section of the present invention. 

The interrupt return instruction is prepared at 
the end of either of an interrupt handler for a 
normal interrupt and an interrupt handler for a 
break-interrupt. The value of an operand 102 of the 
interrupt return instruction for a normal interrupt 
is set to "0", and the value of the operand 102 of 
the interrupt return instruction for a 
break-interrupt is set to "1". The operand 102 of 
the interrupt return instruction constitutes the 
return operation specifying section of the present 
invention . 

The operation of the interrupt control apparatus 
shown in Fig. 16 will be described next by 
exemplifying the processor state transition shown in 
Fig. 7: normal state 201 - normal interrupt state 202 
- break-interrupt state 204 - normal interrupt state 
202 -* normal state 201. 

When the processor in the normal state 201 
transits to the normal interrupt state 202 due to a 
normal interrupt, the same operation as that of the 
interrupt control apparatus shown in Fig. 6 is 
performed . 

When the processor is in the normal interrupt 
state 202, and an instruction fetch controller 421, 
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an instruction execution controller 432, or an 
interrupt return controller 434 detects a 
break-interrupt 215, a break-interrupt controller 442 
is notified of the break-interrupt by a 
break-interrupt notification signal 478 from the 
instruction fetch controller 421, a break-interrupt 
notification signal 485 from the instruction 
execution controller 432, or a break-interrupt 
notification signal 487 from the breakpoint 

controller 433. 

When receiving the break-interrupt notification 
from the instruction fetch controller 421, the 
instruction execution controller 432, or the 
breakpoint controller 433, the break-interrupt 
controller 442 controls an instruction fetch section 
420 and a register section 450 to perform processing 
as follows. 

First, the break-interrupt controller 442 reads 
out the currently indicated instruction address value 
489 from a program counter 422 and writes the read- 
out instruction address value 489 in the break return 
address register 455. The break- inter rupt controller 
442 also reads out the processor state (normal 
interrupt state) before the break-interrupt from the 
present state register 457 and writes the read-out 
processor state in the break previous state register 
458. The break-interrupt controller 442 also writes 
the factor of the break-interrupt in the break factor 
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register 459. 

Next, the break-interrupt controller 442 writes, 

in the present state register 457, the processor 
state that has transited in accordance with the 
break-interrupt. The break-interrupt controller 442 
also supplies a start address 477 of the interrupt 
handler corresponding to the break-interrupt to the 
instruction fetch section 420 and sets the address 
value in the program counter 422. By processing as 
described above, the processor transits from the 
normal interrupt state 202 to the break-interrupt 
state 204. 

The processor which has transited to the 
break-interrupt state 204 reads out an instruction 
word 472 of the interrupt handler to the instruction 
fetch controller 421 in accordance with the start 
address 477 of the interrupt handler, which is set in 
the program counter 422, temporarily holds the read- 
out instruction word in an instruction word register 
423, and then supplies the read-out instruction word 
473 to an instruction word decoder 431. 

The instruction word decoder 431 decodes a 
received instruction word 473 and supplies the 
instruction to the instruction execution controller 
432 or the interrupt return controller 434' in 
accordance with the decoding result. The controller 
which has received the instruction executes 
processing in accordance with the received 
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instruction. An instruction execution section 430 
repeats the operation of executing the instruction 
word 473 sequentially supplied toward the final 
address of the interrupt handler. 

When processing of the interrupt handler 
corresponding to the break-interrupt is ended, the 
processor executes a break-interrupt return 
instruction 216. At this time, the interrupt return 
instruction read out from a memory 410 and supplied 
to the instruction word decoder 431 by the 
instruction fetch section 420 is decoded by the 
instruction word decoder 431 and determined as an 
interrupt return instruction. In accordance with 
this determination, the instruction word decoder 431 
supplies the interrupt return instruction to the 
interrupt return controller 434'. 

When receiving the interrupt return instruction, 
the interrupt return controller 434' refers to the 
operand 102 of the received interrupt return 
instruction and determines whether the value is "1". 
If the operand 102 has the value "1" representing 
return from the break-interrupt state, the interrupt 
return controller 434' controls the instruction fetch 
section 420 and the register section 450 to perform 
processing as follows. 

First, the interrupt return controller 434' reads 
out the value of the break previous state register 
458 and writes the value in the present state 
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register 457. The interrupt return controller 434' 
also reads out, from the break return address 
register 455, an original instruction address 475 to 
which the processor will return from the 
break-interrupt state, supplies the instruction 
address to the instruction fetch section 420, and 
sets the address value in the program counter 422. 

On the basis of an original instruction address 

471 set in the program counter 422, the instruction 
fetch controller 421 reads out the instruction word 

472 of the interrupt handler corresponding to the 
normal interrupt from the memory 410, temporarily 
holds the instruction word in the instruction word 
register 423, and then supplies the instruction word 
to the instruction execution section 430. Thus, the 
processor returns from the break-interrupt state 204 
to the normal interrupt state 202. The instruction 
execution section 430 executes the remaining part of 
processing of the interrupt handler corresponding to 
the normal interrupt. 

When processing of the interrupt handler 
corresponding to the normal interrupt is ended in the 
normal interrupt state 202, the processor executes a 
normal interrupt return instruction 212 and returns 
from the normal interrupt state 202 to the normal 
state 201. The operation at this time is the same as 
that of the interrupt control apparatus shown in 
Fig. 12. 
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As described above, in the eighth embodiment, in 
addition to the operation of the above-described 
fifth embodiment, when a break-interrupt occurs, the 
processor state before the break-interrupt is written 
in the break previous state register 458, and the 
factor of the break-interrupt is written in the break 

factor register 459. 

According to this construction, a break-interrupt 
can occur even within the interrupt inhibition period 
by a normal interrupt. In addition, even in a 
break-interrupt handler, the previous processor state 
can be easily restored only in returning from the 
break-interrupt, and appropriate interrupt processing 
corresponding to the break-interrupt factor can be 
performed . 
(Ninth Embodiment) 

The ninth embodiment of the present invention 

will be described next. 

Fig. 17 is a block diagram showing the 
construction of an interrupt control apparatus 
according to the ninth embodiment. In Fig. 17, the 
same reference numerals as in Fig. 12 denote the same 
blocks as in Fig. 12, respectively, and a detailed 
description thereof will be omitted. 

Referring to Fig. 17, reference numeral 341' 
denotes an instruction word decoder; 435 denotes a 
normal interrupt return controller; and 436 denotes a 
break-interrupt return controller. 
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The instruction word decoder 431' decodes an 
instruction word 473 supplied from an instruction 
fetch section 420, like the instruction word decoder 
431 shown in Fig. 12. When it is detected by 
decoding that the supplied instruction word 473 is an 
instruction word for generating a break-interrupt by 
a software breakpoint, the instruction word decoder 
431- of this embodiment supplies a break-interrupt 
generation instruction to a breakpoint controller 433. 

When the supplied instruction word 473 is an 
instruction word for returning the processor from a 
normal interrupt state, the instruction word decoder 
431' supplies a normal interrupt return instruction 
to the normal interrupt return controller 435. When 
the supplied instruction word 473 is an instruction 
word for returning the processor from a 
break-interrupt state, the instruction word decoder 
431' supplies a break-interrupt return instruction to 
the break-interrupt return controller 436. When the 
supplied instruction word 473 is an instruction word 
of another type, the instruction word decoder 431'. 
supplies the decoded instruction to an instruction 
execution controller 432. 

The normal interrupt return controller 435 
executes a return operation from the normal interrupt 
state in accordance with the normal interrupt return 
instruction supplied from the instruction word 
decoder 431'. The break-interrupt return controller 
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436 executes a return operation from the 
break-interrupt state in accordance with the 
break-interrupt return instruction supplied from the 
instruction word decoder 431'. 

More specifically, in the fifth embodiment shown 
in Fig. 12, it is specified in accordance with the 
value of the operand 102 in the interrupt return 
instruction shown in Fig. 13 whether the operation is 
a return operation from a normal interrupt state or 
break-interrupt state. In the ninth embodiment, 
however, as the contents of an instruction code 101, 
two types of return instructions, a return 
instruction from a normal interrupt state and a 
return instruction from a break-interrupt state are 
used. In accordance with which return instruction is 
supplied to the instruction word decoder 431', the 
interrupt return controller which should perform the 
return operation is specified, and the processor 
operation information before the interrupt is 
restored. In this case, an operand 102 has an 
arbitrary value. 

In this embodiment, a normal return address 
register 452, a normal previous state register 453, 
and a normal factor register 454 constitute the first 
information holding section of the present invention, 
and a break return address register 455 constitutes 
the second information holding section of the present 
invention . 

- 102 - 



In this embodiment as well, the interrupt return 
instruction is prepared at the end of each of an 
interrupt handler for a normal interrupt and an 
interrupt handler for a break-interrupt. The 
instruction code 101 of an interrupt return 
instruction for a normal interrupt is constructed by 
a return instruction from a normal interrupt, and the 
instruction code 101 of an interrupt return 
instruction for a break-interrupt is constructed by a 
return instruction from a break-interrupt. The two 
types of interrupt return instructions constitute the 
return operation specifying section of the present 
invention . 

The operation of the interrupt control apparatus 
of this embodiment will be described next by 
exemplifying the processor state transition shown in 
Fig. 7: normal state 201 - normal interrupt state 202 
- break-interrupt state 204 - normal interrupt state 
202 — * normal state 201. 

In this embodiment, when the processor transits 
to an interrupt state due to a normal interrupt or 
break-interrupt, the same operation as that of the 

interrupt control apparatus shown in Fig. 12 is 

performed . 

Hence, only the return operation from a normal 
interrupt state and break-interrupt state, i.e., 
state transition: break-interrupt state 204 - normal 
interrupt state 202 -» normal state 201 will be 
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described below. 

When the processor is in the break-interrupt 
state 204, and processing by an interrupt handler 
corresponding to the break-interrupt is ended, the 
processor executes an interrupt return instruction 
216 at the end of the interrupt handler. The 
instruction code 101 of the interrupt return 
instruction executed at this time means an interrupt 
return instruction from the break-interrupt state. 
For this reason, the instruction word decoder 431' 
decodes the interrupt return instruction and 
consequently supplies a break-interrupt return 
instruction to the break-interrupt return controller 
436. When receiving the break-interrupt return 
instruction, the break-interrupt return controller 
436 controls the instruction fetch section 420 and 
the register section 450 to perform processing as 
follows . 

First, the break-interrupt return controller 436 
reads out, from the break return address register 455, 
an original instruction address 475 to which the 
processor will return from the break-interrupt state, 
supplies the instruction address to the instruction 
fetch section 420, and sets the address value in a 
program counter 422. 

On the basis of an original instruction address 
471 set in the program counter 422, an instruction 
fetch controller 421 reads out an instruction word 
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472 of the interrupt handler corresponding to the 
normal interrupt from a memory 410, temporarily holds 
the instruction word in an instruction word register 
423, and then supplies the instruction word to an 
instruction execution section 430. Thus, the 
processor returns from the break-interrupt state 204 
to the normal interrupt state 202. The instruction 
execution section 430 executes the remaining part of 
processing of the interrupt handler corresponding to 
the normal interrupt. 

When processing of the interrupt handler 
corresponding to the normal interrupt is ended in the 
normal interrupt state 202, the processor executes an 
interrupt return instruction 212 at the end of the 
interrupt handler. The instruction code 101 of the 
interrupt return instruction executed at this time 
means an interrupt return instruction from the normal 
interrupt state. For this reason, the instruction 
word decoder 431' decodes the interrupt return 
instruction and consequently supplies a normal 
interrupt return instruction to the normal interrupt 
return controller 435. 

When receiving the normal interrupt return 
instruction, the normal interrupt return controller 
435 controls the' instruction fetch section 420 and 
register section 450 to start the normal interrupt 
return operation. For this normal interrupt return 
operation, the same operation as that of the 
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interrupt control apparatus shown in Fig. 12 is 
performed, and the normal interrupt state 202 
transits to the normal state 201. 

As described above, in the ninth embodiment, a 
normal interrupt return instruction whose instruction 
code 101 means a return instruction from a normal 
interrupt state is prepared at the end of an 
interrupt handler corresponding to a normal interrupt, 
and a break-interrupt return instruction whose 
instruction code 101 means a return instruction from 
a break-interrupt state is prepared at the end of an 
interrupt handler corresponding to a break-interrupt. 
In returning from an interrupt, the return operation 
is specified in accordance with the contents of the 
instruction code 101. 

According to this construction, even within the 
interrupt inhibition period immediately after 
interrupt processing by a normal interrupt and 
immediately before interrupt return, a 
break-interrupt can occur. In addition, the 
processor operation information before the interrupt 
can be restored with a minimum hardware resource. 
Furthermore, using two types of instructions: a 
return instruction from a normal interrupt state and 
a return instruction from a break-interrupt state, a 
return instruction for an interrupt can be executed, 
the calculation time can be shortened, and even when 
a break-interrupt occurs in a normal interrupt state, 
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the processor operation information before the 
break-interrupt can be quickly and accurately 
restored • 

In the ninth embodiment, only the break return 
address register 455 is provided as the second 
information holding section of the present invention. 
However, not only the break return address register 
455 but also one or both of a break previous state 
register 458 and a break factor register 459 may be 
provided, like in the sixth to eighth embodiments 
shown in Figs. 14 to 16. 

In this case, when the processor transits to an 
interrupt state due to a normal interrupt or 
break-interrupt, the same operation as that of the 
interrupt control apparatuses shown in Figs. 14 to 16 
is performed. As for the return operation from the 
interrupt state, the return operation from a normal 
interrupt state is executed by the normal interrupt 
return controller 435, and the return operation from 
a break-interrupt state is executed by the 
break-interrupt return controller 436. Control of 
the registers is the same as that in the interrupt 
control apparatuses shown in Figs. 14 to 16. 

The above embodiments can be applied to debug an 
interrupt handler corresponding to exceptional 
processing or external interrupt, and also to debug 
an interrupt handler corresponding to system call or 
supervisor call of an OS (Operating System) . 
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(10th Embodiment) 

The 10th embodiment of the present invention will 
be described below with reference to drawings. 

Fig. 18 is a block diagram showing the 
construction of a data processing system (processor) 
according to the 10th embodiment for implementing an 
instruction break scheme by a hardware mechanism. 

In Fig. 18, the same reference numerals as in 
Fig. 3 denote the same functional parts as in Fig. 3, 
respectively, and a detailed description thereof will 
be omitted. 

In the 10th embodiment, an instruction break 
detection section 23 has, in place of the 
determination sections 25_ 0 to 25_ n used in Fig. 3, 
determination sections 100. 0 to 100. n for performing 
determination processing different from that of the 
determination sections 25. 0 to 25_ n . 

These determination sections 100. 0 to 100. n 
receive not only instruction break addresses and 
flags held in breakpoint registers 24_ 0 to 24_ n 
prepared in units of determination sections 100. 0 to 
100. n and current execution address supplied from a 
program counter 21 but also the condition code of a 
conditional instruction, which is read out from a 
condition register 51 in a register section 50, and 
an instruction word that is read out from an 
instruction register 22 and currently being executed. 
Fig. 19 is a block diagram showing the 
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construction of the determination section 100_ 0 as a 
representative of the determination sections 100_ 0 to 
100_ n . Each of the remaining determination sections 
100. 1 to 100_ n has the same construction as in Fig. 19. 

As shown in Fig. 19, the determination section 
lOO.o of this embodiment comprises a comparison 
section 101, a conditional instruction decoder 102, a 
condition determination section 103, and an AND 

circuit 10 4. 

The comparison section 101 compares an 
instruction break address held in an address register 
24a of the breakpoint register 24_ 0 provided in 
accordance with the determination section 100_. with a 
current execution address supplied from the program 
counter 21 and determines whether the two addresses 
match. When the two addresses match, the comparison 
section 101 outputs a determination signal having the 
value "1". When the two addresses do not match, the 
comparison section 101 outputs a determination signal 

having the value "0". 

The conditional instruction decoder 102 decodes 
the instruction word that is supplied from the 
instruction register 22 and currently being executed 
to detect whether the instruction is a conditional 
instruction, and supplies the detection result to the 
condition determination section 103. On the basis of 
the decoding result of the instruction word, which is 
supplied from the conditional instruction decoder 102, 
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the condition determination section 103 determines 
whether the condition designated by the condition 
code of the conditional instruction, which is 
supplied from the condition register 51, is satisfied. 
If the condition designated by the condition code of 
the conditional instruction is satisfied, a 
determination signal having the value "1" is output. 
If the condition is not satisfied, a determination 
signal having the value "0" is output. If it is 
found by decoding by the conditional instruction 
decoder 102 that the supplied instruction is not a 
conditional instruction, the condition determination 
section 103 outputs a determination signal having the 
value "0". 

The AND circuit 104 performs AND operation to the 
value of a flag register 24b of the breakpoint 
register 24. 0 provided in accordance with the 
determination section 100. 0 , the determination signal 
output from the comparison section 101 and related to 
the instruction break address, and the determination 
signal output from the condition determination 
section 103 and related to the condition code, and 
outputs the AND operation result to an OR circuit 26 

shown in Fig . 18 . 

According to this construction, in at least one 
entry of the determination sections 100. 0 to 100. n of 
the instruction break detection section 23, when the 
instruction break address and the current execution 
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address match, the value of the flag register 24b is 
"1", and the condition of the conditional instruction 
is satisfied, the OR circuit 26 outputs an interrupt 
notification signal 67 to an interrupt control 
section 4 0. 

As described above, in the 10th embodiment, each 
of the determination sections 100_ 0 to 100_ n determines 
not only whether the instruction break generation 
condition for the instruction break address and the 
flag value is satisfied but also whether the 
condition of the conditional instruction is satisfied. 
Only when both conditions are satisfied, a 
break-interrupt occurs. 

Thus, in debugging a program including a 
conditional instruction, a break-interrupt can be 
controlled in accordance with whether the condition 
of the conditional instruction is satisfied. More 
specifically, in a situation where the instruction 
break generation condition is satisfied, when the 
condition of the conditional instruction is satisfied, 
a break-interrupt occurs. When the condition of the 
conditional instruction is not satisfied, or the 
supplied instruction is an unconditional instruction, 
a break-interrupt can be inhibited. 
(11th Embodiment) 

The 11th embodiment of the present invention will 
be described next with reference to drawings. 
Fig. 20 is a block diagram showing the 
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construction of a data processing system (processor) 
according to the 11th embodiment for implementing an 
instruction break scheme by a hardware mechanism. 

In Fig. 20, the same reference numerals as in 
Fig. 18 denote the same functional parts as in 
Fig. 18, respectively, and a detailed description 
thereof will be omitted. 

In the 10th embodiment shown in Fig. 18, a scalar 
processor for executing one unit of processing in 
accordance with one instruction has been described. 
The 11th embodiment shown in Fig. 20 is applied to a 
VLIW (Very Long Instruction Word) type processor 
which designates processing operations by one 
instruction and executes those operations in parallel. 

More specifically, as shown in Fig. 20, an 
instruction register 27 of the 11th embodiment is 
designed to hold a fixed-length long instruction word 
formed from short instructions. Each of 

determination sections 100. 0 to 100. n of an instruction 
break detection section 23 has a construction shown 
in Fig. 21. Fig. 21 is a block diagram showing the 
construction of the determination section 100. 0 as a 
representative of the determination sections 100. 0 to 
100„ n . in Fig. 21, the same reference numerals as in 
Fig. 19 denote the same blocks as in Fig. 19, 
respectively, and a detailed description thereof will 
be omitted. 

As shown in Fig. 21, the determination section 
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lOO.o of this embodiment comprises a comparison 
section 101, a conditional instruction decoder 111, a 
condition determination section 112, an OR circuit 
113, and an AND circuit 104. 

The conditional instruction decoder 111 has 
conditional instruction decoders 111. 0 and 111_ 4 
provided in accordance with short instructions IR#0 
to IR#i forming the long instruction word held in the 
instruction register 27 to decode each short 
instruction supplied from the instruction register 27 
and detect whether the instruction is a conditional 

instruction . 

The condition determination section 112 has 
condition determination sections 112. 0 to 112^ 
provided in accordance with the conditional 
instruction decoders 111. 0 and 111.,, respectively. 
Each of the condition determination sections 112_ 0 to 
112.! determines, on the basis of the short 
instruction decoding result supplied from a 
corresponding one of the conditional instruction 
decoders 111_ 0 and lll_ w whether the condition 
designated by the condition code of the conditional 
instruction supplied from a condition register 51 is 
satisfied. If the condition of the conditional 
instruction is satisfied, a determination signal 
having the value "1" is output. If the condition is 
not satisfied, a determination signal having the 
value "0" is output. If it is found by decoding by 
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the conditional instruction decoders 111. 0 to 111., 
that the supplied instructions are not conditional 
instructions, the condition determination sections 
112. 0 to 112^ output determination signals each having 

the value "0". 

The OR circuit 113 performs OR operation to the 
determination signals output from the condition 
determination sections 112. 0 to 112., and outputs the 
OR operation result to the AND circuit 104. The AND 
circuit 104 performs AND operation to the value of a 
flag register 24b of a breakpoint register 24_ 0 
provided in accordance with the determination section 
100. 0/ the determination signal output from the 
comparison section 101 and related to the instruction 
break address, and the determination signal output 
from the OR circuit 113 and related to the condition 
code, and outputs the AND operation result to an OR 
circuit 26 shown in Fig. 20. 

According to this construction, in at least one 
entry of the determination sections 100. 0 to 100. n of 
the instruction break detection section 23, when the 
instruction break address and current execution 
address match, the value of the flag register 24b is 
"1", and the condition of the conditional instruction 
is satisfied for at least one of the short 
instructions forming the long instruction word, the 
OR circuit 26 outputs an interrupt notification 
signal 67 to an interrupt control section 40. 
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As described above, in the 11th embodiment, each 
of the determination sections 100.. to 100.. determines 
not only whether the instruction break generation 
condition for the instruction break address and the 
flag value is satisfied but also whether the 
condition of the conditional instruction is satisfied 
for each of the short instructions forming the long 
instruction word. Only when both conditions are 
satisfied, a break-interrupt occurs. 

Thus, when the short instructions forming the 
long instruction word include a conditional 
instruction, a break-interrupt can be controlled in 
accordance with whether the condition of the 
conditional instruction is satisfied. More 
specifically, in a situation where the instruction 
break generation condition is satisfied, when the 
condition of the conditional instruction is satisfied 
for any one of the short instructions, a 
break-interrupt occurs. When the condition of the 
conditional instruction is not satisfied for none of 
the short instructions, or all the short instructions 
are unconditional instructions, a break-interrupt can 
be inhibited. 
(12th Embodiment) 

The 12th embodiment of the present invention will 
be described next with reference to drawings. 

Fig. 22 is a block diagram showing the 
construction of a data processing system (processor) 
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according to the 12th embodiment for implementing an 
instruction break scheme by a hardware mechanism. 

The processor according to the 12th embodiment 
shown in Fig. 22 is also a VLIW type processor, like 
the processor according to the 11th embodiment shown 
in Fig. 20. in Fig. 22, the same reference numerals 
as in Fig. 20 denote the same blocks as in Fig. 20, 

respectively . 

In the 12th embodiment shown in Fig. 22, each of 
breakpoint registers 24_ 0 to 24_ n of an instruction 
break detection section 23 has a displacement 
register 24c for holding displacement information 
from the start portion of a long instruction word as 
a breakpoint target, in addition to an address 
register 24a for holding the target address of a 
breakpoint at which execution is to be stopped and a 
flag register 24b indicating whether an instruction 
break operation is valid. The displacement 
information held in the displacement register 24c is 
used together with the instruction break address held 
in the address register 24a, thereby specifying one 
of short instructions forming one long instruction . 
word . 

Each of determination sections 120. 0 to 120. „ 
according to the 12th embodiment has a construction 
shown in Fig. 23. Fig. 23 is a block diagram showing 
the construction of the determination section 120_ 0 as 
a representative of the determination sections 120. 0 
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to 120. n . In Fig. 23, the same reference numerals as 
in Figs. 19 and 21 denote the same blocks as in 
Figs. 19 and 21, respectively, and a detailed 
description thereof will be omitted. 

As shown in Fig. 23, the determination section 
120. 0 of this embodiment comprises a comparison 
section 101, a conditional instruction decoder 102, a 
condition determination section 103, an AND circuit 
104, and a selector 121. 

The selector 121 switches the selection state 
using, as a control signal, displacement information 
held in the displacement register 24c of the 
breakpoint register 24_ 0 provided in accordance with 
the determination section 120. 0 whereby only a short 
instruction designated by the displacement 
information from short instructions IR#0 to IR#i is 
selectively output to the conditional instruction 
decoder 102. The conditional instruction decoder 102 
decodes the short instruction selected by the 
selector 121 to detect whether the instruction is a 
conditional instruction, and supplies the decoding 
result to the condition determination section 103. 

According to this construction, in at least one 
entry of the determination sections 120. 0 to 120. n of 
the instruction break detection section 23, when the 
instruction break address and current execution 
address match, the value of the flag register 24b is 
"1", and the condition of the conditional instruction 
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is satisfied for a selected instruction of the short 
instructions forming the long instruction word, an OR 
circuit 26 outputs an interrupt notification signal 
67 to an interrupt control section 40. 

As described above, in the 12th embodiment, each 
of the determination sections 120. 0 to 120_ B determines 
not only whether the instruction break generation 
condition for the instruction break address and the 
flag value is satisfied but also whether the 
condition of the conditional instruction specified by 
the displacement information is satisfied for each of 
the short instructions forming the long instruction 
word. Only when both conditions are satisfied, a 
break-interrupt occurs. 

Thus, when a specific instruction selected by the 
displacement information from the short instructions 
forming the long instruction word is a conditional 
instruction, a break-interrupt can be controlled in 
accordance with whether the condition of the 
conditional instruction is satisfied. More 
specifically, in a situation where the instruction 
break generation condition is satisfied, when the 
condition of the specified conditional instruction is 
satisfied, a break-interrupt occurs. When the 
condition of the specified conditional instruction is 
not satisfied, or the specified short instruction is 
an unconditional instruction, a break-interrupt can 
be inhibited. 
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(13th Embodiment) 

The 13th embodiment of the present invention will 
be described next with reference to drawings. 

Fig. 24 is a block diagram showing the 
construction of a data processing system (processor) 
according to the 13th embodiment for implementing an 
instruction break scheme by a hardware mechanism. 

In Fig. 24, the same reference numerals as in 
Figs. 18 and 20 denote the same functional parts as 
in Figs. 18 and 20, respectively, and a detailed 
description thereof will be omitted. 

In the 10th embodiment shown in Fig. 18, a scalar 
processor for executing one unit of processing in 
accordance with one instruction has been described. 
In the 11th embodiment shown in Fig. 20, a VLIW type 
processor which parallelly executes short 
instructions forming a fixed-length long instruction 
word has been described. The 13th embodiment shown 
in Fig. 24 is applied to a parallel processor for 
executing one basic instruction or, in parallel, 
basic instructions forming a variable- length 
instruction word. 

More specifically, as shown in Fig. 24, an 
instruction register 28 of the 13th embodiment is 
designed to hold a variable-length instruction word 
formed from one or more basic instructions. Each of 
determination sections 130. 0 to 130. n of an instruction 
break detection section 23 has a construction shown 
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in Fig. 25. Fig. 25 is a block diagram showing the 
construction of the determination section 130_ 0 as a 
representative of the determination sections 130_ 0 to 
130. n . 

As shown in Fig. 25, the determination section 
130. 0 of this embodiment comprises a comparison 
section 101, a valid instruction encoder 131, a 
conditional instruction decoder 111, a condition 
determination section 112, an AND circuit 132, an OR 
circuit 113, and another AND circuit 104. In Fig. 25, 
the same reference numerals as in Fig. 21 denote the 
same functional parts as in Fig. 21, respectively, 
and a detailed description thereof will be omitted. 

In the VLIW type processor shown in Fig. 21, one 
long instruction word has a fixed length, and the 
number of short instructions forming it is constant. 
Hence, the instruction register 27 always stores L 
short instructions IR#0 to IR#i (an unexecuted 
instruction such as "nop" is stored at an unused 
portion) . 

To the contrary, in the parallel processor 
according to the 13th embodiment shown in Fig. 25, 
the instruction word stored in the instruction 
register 28 has a variable length, and the number of 
basic instructions forming it is variable. Hence, 
the instruction register 28 stores an arbitrary 
number of basic instructions and L basic instructions 
at maximum from the left side (sequentially from IR#0 
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side). in this case, each basic instruction has, at 
its head portion, a one-bit flag representing whether 
the basic instruction is at the end of a 
variable-length instruction word. 

The valid instruction encoder 131 encodes the 
basic instructions stored in the instruction register 
28 and refers to the flag information described at 
the head portion of each basic instruction, thereby 
detecting the number of valid basic instructions 
stored in the instruction register 28. An encoded 
signal having the value "1" is output sequentially 
from the IR#0 side in number equal to the number of 
basic instructions stored in the instruction register 
28, and an encoded signal having the value "0" is 
output for the remaining portions. 

The AND circuit 132 includes AND circuits 132. 0 to 
132_, provided in accordance with determination 
sections 112. 0 to 112.,, respectively. Each of the AND 
circuits 132. 0 to 132., performs AND operation to a 
determination signal representing whether the 
condition of a conditional instruction obtained by a 
corresponding one of the determination sections 112_ 0 
to 112., and an encoded signal output from the valid 
instruction encoder 131 in accordance with each of 
the basic instructions IR#0 to IR#i in the 
instruction register 28, and outputs the AND 
operation result to the OR circuit 113. 

The OR circuit 113 performs OR operation to the 
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signals output from the condition determination 
sections 132.. to 132., and outputs the OR operation 
result to the AND circuit 104. The AND circuit 104 
performs AND operation to the value of a flag 
register 24b of a breakpoint register 24_ 0 provided in 
accordance with the determination section 130_ 0 , the 
determination signal output from the comparison 
section 101 and related to the instruction break 
address, and the determination signal output from the 
OR circuit 113 and related to the condition code, and 
outputs the AND operation result to an OR circuit 26 

shown in Fig. 24. 

According to this construction, in at least one 
entry of the determination sections 130. 0 to 130.. of 
the instruction break detection section 23, when the 
instruction break address and current execution 
address match, the value of the flag register 24b is 

and the condition of the conditional instruction 
is satisfied for at least one of the basic 
instructions forming the variable-length instruction 
word, the OR circuit 26 outputs an interrupt 
notification signal 67 to an interrupt control 
section 4 0 - 

As described above, in the 13th embodiment, each 
of the determination sections 130., to 130.. determines 
not only whether the instruction break generation 
condition for the instruction break address and the 
flag value is satisfied but also whether the 
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condition of the conditional instruction is satisfied 
for each of the basic instructions forming the 
variable-length instruction word. Only when both 
conditions are satisfied, a break-interrupt occurs. 

Thus, when the basic instructions forming the 
variable-length instruction word include a 
conditional instruction, a break-interrupt can be 
controlled in accordance with whether the condition 
of the conditional instruction is satisfied. More 
specifically, in a situation where the instruction 
break generation condition is satisfied, when the 
condition of the conditional instruction is satisfied 
for any one of the basic instructions, a 
break-interrupt occurs. When the condition of the 
conditional instruction is not satisfied for none of 
the basic instructions, or all the basic instructions 
are unconditional instructions, a break-interrupt can 
be inhibited. 
(14th Embodiment) 

The 14th embodiment of the present invention will 
be described next with reference to drawings. 

Fig. 26 is a block diagram showing the 
construction of a data processing system (processor) 
according to the 14th embodiment for implementing an 
instruction break scheme by a hardware mechanism. 

The processor according to the 14th embodiment 
shown in Fig. 26 is also a parallel processor, like 
the processor according to the 13th embodiment shown 
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in Fig. 24. In Fig. 26, the same reference numerals 
as in Fig. 24 denote the same blocks as in Fig. 24, 

respectively • 

in the 14th embodiment shown in Fig. 26, each of 
breakpoint registers 24. 0 to 24. n of an instruction 
break detection section 23 has an address register 
24a, a flag register 24b, and a displacement register 
24c, like in the 12th embodiment shown in Fig. 22. 
Displacement information held in the displacement 
register 24c is used together with the instruction 
break address held in the address register 24a, 
thereby specifying one of basic instructions forming 
one variable-length instruction word. 

Each of determination sections 140_ 0 to 140. B 
according to the 14th embodiment has a construction 
shown in Fig. 27. Fig. 27 is a block diagram showing 
the construction of the determination section 140.. as 
a representative of the determination sections 140.. 
to 140... m Fig. 27, the same reference numerals as 
in Figs. 23 and 25 denote the same blocks as in 
Figs. 23 and 25, respectively, and a detailed 
description thereof will be omitted. 

.„ o 7 the determination section 

As shown m Fig. ' , ^ rie ucv - 

140. 0 of this embodiment comprises a comparison 
section 101, a conditional instruction decoder 102, a 
condition determination section 103, an AND circuit 
104, a first selector 121, a valid instruction 
encoder 131, a second selector 141, and another AND 
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circuit 14 2. 

The second selector 141 switches the selection 
state using, as a control signal, displacement 
information held in the displacement register 24c of 
the breakpoint register 24_ 0 provided in accordance 
with the determination section 140. 0 whereby only an 
encoded signal designated by the displacement 
information from encoded signals output from the 
valid instruction encoder 131 in accordance with 
basic instructions IR#0 to IR#i in an instruction 
register 28 is selectively output to the AND circuit 
142 . 

The AND circuit 142 performs AND operation to the 
condition determination signal obtained by the 
condition determination section 103 for the 
conditional instruction selected by the first 
selector 121 on the basis of the displacement 
information, and the encoded signal selected by the 
second selector 141 on the basis of the displacement 
information, and outputs the AND operation result to 

the AND circuit 104. 

According to this construction, in at least one 
entry of the determination sections 140_ 0 to 140_ B of 
the instruction break detection section 23, when the 
instruction break address and current execution 
address match, the value of the flag register 24b is 
»!«, and the condition of the conditional instruction 
is satisfied for a selected instruction of the basic 
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instructions forming the variable-length instruction 
word, an OR circuit 26 outputs an interrupt 
notification signal 67 to an interrupt control 
section 4 0 . 

As described above, in the 14th embodiment, each 
of the determination sections 140. 0 to 140_ n determines 
not only whether the instruction break generation 
condition for the instruction break address and flag 
value is satisfied' but also whether the condition of 
the conditional instruction specified by the 
displacement information is satisfied for each of the 
basic instructions forming the variable-length 
instruction word of the parallel processor. Only 
when both conditions are satisfied, a break-interrupt 

occurs . 

Thus, when an instruction selected by the 
displacement information from the basic instructions 
forming the variable-length instruction word is a 
conditional instruction, a break-interrupt can be 
controlled in accordance with whether the condition 
of the conditional instruction is satisfied. More 
specifically, in a situation where the instruction 
break generation condition is satisfied, when the 
condition of the specified conditional instruction is 
satisfied, a break-interrupt occurs. When the 
condition of the specified conditional instruction is 
not satisfied, or the specified basic instruction is 
an unconditional instruction, a break-interrupt can 
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be inhibited. 
(15th Embodiment) 

The 15th embodiment of the present invention will 
be described next with reference to drawings. 

Fig. 28 is a block diagram showing the 
construction of a data processing system (scalar 
processor) according to the 15th embodiment for 
implementing an instruction break scheme by a 
hardware mechanism. In Fig. 28, the same reference 
numerals as in Fig. 18 denote the same functional 
parts as in Fig. 18, respectively, and a detailed 
description thereof will be omitted. 

In the 15th embodiment shown in Fig. 28, each of 
breakpoint registers 24_ 0 to 24_ n of an instruction 
break detection section 23 has a mode register 24d 
for holding mode information on an instruction break 
mode or conditional instruction break mode, in 
addition to an address register 24a for holding the 
target address of a breakpoint at which execution is 
to be stopped and a flag register 24b indicating 
whether an instruction break operation is valid. The 
mode register 24d having the value "0" means an 
instruction break mode, and the mode register 24d 
having the value "1" means a conditional instruction 
break mode. 

in the instruction break mode, when instruction 
break generation condition held by the address 
register 24a and the flag register 24b are satisfied, 
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a break-interrupt occurs. In the conditional 
instruction break mode, a break-interrupt occurs when 
not only the instruction break generation conditions 
but also the condition of a conditional instruction 
is satisfied, as described in the 10th embodiment. 

Each of determination sections 150. 0 to 150. „ 
according to the 15th embodiment has a construction 
shown in Fig. 29. Fig. 29 is a block diagram showing 
the construction of the determination section 150. 0 as 
a representative of the determination sections 150. 0 
to 150_ n . In Fig. 29, the same reference numerals as 
in Fig. 19 denote the same blocks as in Fig. 19, 
respectively, and a detailed description thereof will 
be omitted. 

As shown in Fig. 29, the determination section 
150. 0 of this embodiment comprises a comparison 
section 101, a conditional instruction decoder 102, a 
condition determination section 103, two AND circuits 
151 and 152, and an OR circuit 153. 

One AND circuit 151 performs AND operation to a 
determination signal output from the comparison 
section 101 and related to an instruction break 
address, a determination signal output from the 
condition determination section 103 and related to a 
condition code, the value of the flag register 24b of 
the breakpoint register 24_ 0 provided in accordance 
with the determination section 150_ 0 , and the value of 
the mode register 24d, and outputs the AND operation 
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result to the OR circuit 153. 

The other AND circuit 152 performs AND operation 
to the determination signal output from the 
comparison section 101 and related to an instruction 
break address, the value of the flag register 24b of 
the breakpoint register 24_ 0 provided in accordance 
with the determination section 150_ 0 , and a value 
obtained by inverting the value of the mode register 
24d, and outputs the AND operation result to the OR 
circuit 153. The OR circuit 153 performs OR 
operation to the signals output from the two AND 
circuits 151 and 152, and outputs the OR operation 
result to an OR circuit 26 shown in Fig. 28. 

According to this construction, in a situation 
where the conditional instruction break mode is 
designated by mode information stored in the mode 
register 24d, in at least one entry of the 
determination sections 150_ 0 to 150_ n of the 
instruction break detection section 23, when the 
instruction break address and current execution 
address match, the value of the flag register 24b is 
"1", and the condition of the conditional instruction 
is satisfied, the OR circuit 26 outputs an interrupt 
notification signal 67 to an interrupt control 
section 40 . 

On the other hand, in a situation where the 
instruction break mode is designated by mode 
information stored in the mode register 24d, in at 
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least one entry of the determination sections 150. 0 to 
150. n of the instruction break detection section 23, 
when the instruction break address and current 
execution address match, and the value of the flag 
register 24b is "1", the OR circuit 26 outputs the 
interrupt notification signal 67 to the interrupt 

control section 40. 

As described above, according to the 15th 
embodiment, when the conditional instruction break 
mode is designated, a break-interrupt can be 
controlled in accordance with whether the instruction 
break generation condition and the condition of the 
conditional instruction are satisfied. In addition, 
when the instruction break mode is designated, a 
break-interrupt can be controlled in accordance with 
whether the instruction break generation condition is 
satisfied regardless of whether the condition of the 
conditional instruction is satisfied. 

in the 15th embodiment, an construction in which 
the mode register 24d is added to the scalar 
processor described in the 10th embodiment, and 
accordingly, the two AND circuits 151 and 152 and the 
OR circuit 153 are provided in each of the 
determination sections 150. 0 to 150. n has been 
described. These components may be added to the VLIW 
type processor and parallel processor described in 
the 11th to 14th embodiments. 

in this case, the determination sections have 
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constructions shown in Figs. 30 to 33, respectively, 
in Figs. 30 to 33, the same reference numerals as in 
Figs. 21, 23, 25, 27, and 29 denote respectively the 
same parts as in Figs. 21, 23, 25, 27, and 29, which 
perform the same operations as described above, and a 
detailed description thereof will be omitted. 

(16th Embodiment) 

The 16th embodiment of the present invention will 
be described next with reference to drawings. 

Fig- 34 is a block diagram showing the 
construction of a data processing system (scalar 
processor) according to the 16th embodiment for 
implementing an instruction break scheme by a 
hardware mechanism. In Fig. 34, the same reference 
numerals as in Fig. 18 denote the same functional 
parts as in Fig. 18, respectively, and a detailed 
description thereof will be omitted. 

The 16th embodiment shown in Fig. 34 is different 
from the 10th embodiment shown in Fig. 18 in the 
construction of each of determination sections of an 
instruction break detection section 23. Each of 
determination sections 160. 0 to 160. n of this 
embodiment has a construction shown in Fig. 35. 
Fig. 35 is a block diagram showing the construction 
of the determination section 160_ 0 as a representative 
of the determination sections 160. 0 to 160_ n . In Fig. 
35, the same reference numerals as in Fig. 19 denote 
the same blocks as in Fig. 19, respectively, and a 
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detailed description thereof will be omitted. 

As shown in Fig. 35, the determination section 
I6O.0 of this embodiment comprises a comparison 
section 101, a conditional instruction decoder 102, a 
condition determination section 103, an AND circuit 
104, an unconditional instruction decoder 161, and an 

OR circuit 162. 

The unconditional instruction decoder 161 decodes 
an instruction word that is supplied from an 
instruction register 22 and currently being executed 
to detect whether the instruction word is an 
unconditional instruction and supplies the decoding 
result to the OR circuit 162. When the supplied 
instruction word is an unconditional instruction, the 
unconditional instruction decoder 161 output a signal 
having the value "1". 

On the basis of the decoding result from the. 
conditional instruction decoder 102, which represents 
whether the instruction is a conditional instruction, 
the condition determination section 103 of this 
embodiment determines whether the condition 
designated by the condition code of the conditional 
instruction, which is supplied from a condition 
register 51, is satisfied, and supplies the 
determination signal to the OR circuit 162. 

The OR circuit 162 performs OR operation to the 
condition determination signal obtained by the 
condition determination section 103 for the 
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conditional instruction and the unconditional 
instruction determination signal obtained by the 
unconditional instruction decoder 161, and outputs 
the OR operation result to the AND circuit 104. 

The AND circuit 104 performs AND operation to the 
value of a flag register 24b of a breakpoint register 
24. 0 provided in accordance with the determination 
section 160. 0 , the determination signal output from 
the comparison section 101 and related to the 
instruction break address, and the signal output from 
the OR circuit 162, and outputs the AND operation 
result to an OR circuit 26 shown in Fig. 34. 

According to this construction, in a case wherein 
the instruction word stored in the instruction 
register 22 is a conditional instruction, in at least 
one entry of the determination sections 160_ 0 to 160. n 
of the instruction break detection section 23, when 
the instruction break address and current execution 
address match, the value of the flag register 24b is 
»1», and the condition of the conditional instruction 
is satisfied, the OR circuit 26 outputs an interrupt 
notification signal 67 to an interrupt control 
section 40. 

On the other hand, when the instruction word 
stored in the instruction register 22 is an 
unconditional instruction, the OR circuit 162 outputs 
a signal having the value "1", like in the case 
wherein the instruction word is a conditional 
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instruction, and the condition is satisfied. Hence, 
in at least one entry, when the instruction break 
address and current execution address match, and the 
value of the flag register 24b is "1", the OR circuit 
26 outputs the interrupt notification signal 67 to 
the interrupt control section 40. 

As described above, according to the 16th 
embodiment, when the supplied instruction word is a 
conditional instruction, a break-interrupt can be 
controlled in accordance with whether the instruction 
break generation condition and the condition of the 
conditional instruction are satisfied. When the 
supplied instruction word is an unconditional 
instruction, a break-interrupt can be controlled in 
accordance with whether the instruction break 
generation condition is satisfied. 

in the 16th embodiment, an construction in which, 
for the scalar processor described in the 10th 
embodiment, the unconditional instruction decoder 161 
and OR circuit 162 are added in each of the 
determination sections 160. 0 to 160. n has been 
described. These components may be added to the VLIW 
type processor and parallel processor described in 
the 11th to 14th embodiments. 

In this case, the determination sections have 
constructions shown in Figs. 36 to 39, respectively, 
in Figs. 36 to 39, the same reference numerals as in 
Figs. 21, 23, 25, 27, and 35 denote respectively the 
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same parts as in Figs. 21, 23, 25, 27, and 35, which 
perform the same operations as described above. Each 
component with a symbol » "' has the same function as 
that of a corresponding component without this symbol, 
and its operation will be apparent without a detailed 
description of Figs. 36 to 39. 
(17th Embodiment) 

The 17th embodiment of the present invention will 
be described next with reference to drawings. 

Fig. 40 is a block diagram showing the 
construction of a data processing system (scalar 
processor) according to the 17th embodiment for 
implementing an instruction break scheme by a 

Tri fh? 17th embodiment, the 15th 
hardware mechanxsm. In tne i/x-n 

c-i ~ 9fl anti the 16th embodiment 
embodiment shown in Fig. 28 and tne 

shown in Fig. 34 are combined. In the 17th 

embodiment shown in Fig. 40, the same reference 

numerals as in Figs. 28 and 34 denote the same 

functional parts as in Figs. 28 and 34, respectively, 

and a detailed description thereof will be omitted. 

The 17th embodiment shown in Fig. 40 is different 

from the 15th embodiment shown in Fig. 28 an the 16th 

embodiment shown in Fig. 34 in the construction of 

each of determination sections of an instruction 

break detection section 23. Each of determination 

sections 170_ 0 to 170. n of this embodiment has a 

construction shown in Fig. 41. Fig. 41 is a block 

diagram showing the construction of the determination 
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section 170. 0 as a representative of the determination 
sections 170.. to 170... In Fig. 40, the same 
reference numerals as in Figs. 29 and 35 denote the 
same blocks as in Figs. 29 and 35, respectively, and 
a detailed description thereof will be omitted. 

As shown in Fig. 41, the determination section 
170. 0 of this embodiment comprises a comparison 
section 101, a conditional instruction decoder 102, a 
condition determination section 103, two AND circuits 
151 and 152, an OR circuit 153, an unconditional 
instruction decoder 161, and another OR circuit 162. 

The unconditional instruction decoder 161 decodes 
an instruction word that is supplied from an 
instruction register 22 and currently being executed 
to detect whether the instruction word is an 
unconditional instruction and supplies the decoding 
result to the OR circuit 162. When the supplied 
instruction word is an unconditional instruction, the 
unconditional instruction decoder 161 output a signal 

having the value "1". 

On the basis of the decoding result from the 
conditional instruction decoder 102, which represents 
whether the instruction is a conditional instruction, 
the condition determination section 103 of this 
embodiment determines whether the condition 
designated by the condition code of the conditional 
instruction, which is supplied from a condition 
register 51, is satisfied, and supplies the 
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determination signal to the OR circuit 162. 

The OR circuit 162 performs OR operation to the 
condition determination signal obtained by the 
condition determination section 103 for the 
conditional instruction and the unconditional 
instruction determination signal obtained by the 
unconditional instruction decoder 161, and outputs 
the OR operation result to one AND circuit 151. 

The AND circuit 151 performs AND operation to a 
signal output from the OR circuit 162, a 
determination signal output from the comparison 
section 101 and related to an instruction break 
address, the value of a flag register 24b of a 
breakpoint register 24_ 0 provided in accordance with 
the determination section 170. 0 , and the value of a 
mode register 24d, and outputs the AND operation 
result to the OR circuit 153. 

The other AND circuit 152 performs AND operation 
to the determination signal output from the 
comparison section 101 and related to an instruction 
break address, the value of the flag register 24b of 
the breakpoint register 24_ 0 provided in accordance 
with the determination section 170. 0 , and a value 
obtained by inverting the value of the mode register 
24d, and outputs the AND operation result to the OR 
circuit 153. The OR circuit 153 performs OR 
operation to the signals output from the two AND 
circuits 151 and 152, and outputs the OR operation 
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result to an OR circuit 26 shown in Fig. 40. 

According to this construction, in a situation 
where the conditional instruction break mode is 
designated by mode information stored in the mode 
register 24d, and the instruction word stored in the 
instruction register 22 is a conditional instruction, 
in at least one entry of the determination sections 
170. 0 to 170. n of the instruction break detection 
section 23, when the instruction break address and 
current execution address match, the value of the 
flag register 24b is "1", and the condition of the 
conditional instruction is satisfied, the OR circuit 
26 outputs an interrupt notification signal 67 to an 
interrupt control section 40. 

in a situation where the conditional instruction 
break mode is designated by mode information stored 
in the mode register 24d, and the instruction word 
stored in the instruction register 22 is an 
unconditional instruction, in at least one entry of 
the determination sections 170. 0 to 170- n of the 
instruction break detection section 23, when the 
instruction break address and current execution 
address match, and the value of the flag register 24b 
is "1", the OR circuit 26 outputs the interrupt 
notification signal 67 to the interrupt control 
section 40. 

in addition, in a situation where the instruction 
break mode is designated by mode information stored 
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in the mode register 24a, in at least one entry of 
the determination sections 170, to 170.„ of the 
instruction break detection section 23, when the 
instruction break address and current execution 
address match, and the value of the flag register 24b 
is »1», the OR circuit 26 outputs the interrupt 
notification signal 61 to the interrupt control 

section 4 0 . 

As described above, according to the nth 
embodiment, when the conditional instruction break 
m ode is designated, a break-interrupt can be 
controlled in accordance with whether the instruction 
break generation condition and the condition of the 
conditional instruction are satisfied. Additionally, 
when the instruction break mode is designated, a 
break-interrupt can be controlled independently of 
whether the condition of the conditional instruction 
is satisfied and in accordance with whether the 
instruction break generation condition is satisfied. 

Furthermore, when the conditional instruction 
break mode is designated, and the supplied 
instruction word is a conditional instruction, a 
break-interrupt can be controlled in accordance with 
whether the instruction break generation condition 
and the condition of the conditional instruction are 
satisfied. Also, even when the supplied instruction 
word is an unconditional instruction, a 
break-interrupt can be controlled in accordance with 
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whether the instruction break generation condition is 
satisfied. 

In the 17th embodiment, an construction in which 
the mode register 24d is added to the scalar 
processor described in the 10th embodiment, and the 
two AND circuit 151 and 152, the OR circuit 153, the 
unconditional instruction decoder 161, and the OR 
circuit 162 are added in each of the determination 
sections 170_ 0 to 170_ n has been described. These 
components may be added to the VLIW type processor 
and parallel processor described in the 11th to 14th 

embodiment s . 

In this case, the determination sections have 
constructions shown in Figs. 42 to 45, respectively, 
in Figs. 42 to 45, the same reference numerals as in 
Figs. 21, 23, 25, 27, 35, and 41 denote respectively 
the same parts as in Figs. 21, 23, 25, 27, 35, and 41, 
which perform the same operations as described above. 
Each component with a symbol has the same 

function as that of a corresponding component without 
this symbol, and its operation will be apparent 
without a detailed description of Figs. 42 to 45. 
(18th Embodiment) 

The 18th embodiment of the present invention will 
be described next with reference to drawings. 

In the 10th to 17th embodiments, an example has 
been described in which whether the instruction break 
generation condition and the condition of a 
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conditional instruction are satisfied is implemented 
by a hardware mechanism. In the 18th to 22nd 
embodiments to be described below, an example will be 
described in which whether at least the condition of 
a conditional instruction is satisfied is implemented 
by the function of software. 

In the 18th to 21st embodiments, the overall 
construction of a data processing system (processor) 
for implementing the instruction break scheme is. the 
same as that shown in Fig. 3. As is apparent from 
this, whether the instruction break generation 
condition is satisfied is determined by a hardware 
mechanism using breakpoint registers 24_ 0 to 24_ n for 
holding the target address of a breakpoint and flag 
information on whether the instruction break 
operation is valid, and determination sections 25_ 0 to 
25_ n for determining on the basis of these pieces of 
information whether the instruction break generation 
condition is satisfied. 

In this case, each of the determination sections 
25 0 to 25_ n has a construction shown in Fig. 46. 
Fig. 46 is a block diagram showing the construction 
of the determination section 25_ 0 as a representative 
of the determination sections 25_ 0 to 25_ n . In Fig. 46, 
the same reference numerals as in Fig. 19 denote the 
same blocks as in Fig. 19, respectively. 

As shown in Fig. 46, the determination section 
25. 0 of this embodiment comprises a comparison section 
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101 and AND circuit 104. 

The comparison section 101 compares an 
instruction break address held in an address register 
24a of the breakpoint register 24. 0 provided in 
accordance with the determination section 25. 0 with a 
current execution address supplied from a program 
counter 21 and determines whether the two addresses 
match. When the two addresses match, the comparison 
section 101 outputs a determination signal having the 
value "1". When the two addresses do not match, the 
comparison section 101 outputs a determination signal 

having the value "0". 

The AND circuit 104 performs AND operation to the 
value of a flag register 24b of the breakpoint 
register 24. 0 provided in accordance with the 
determination section 25_ 0 and the determination 
signal output from the comparison section 101 and 
related to the instruction break address and outputs 
the AND operation result to an OR circuit 26 shown in 
Fig. 3. 

according to this construction, in at least one 
entry of the determination sections 25. 0 to 2 5.„ of an 
instruction break detection section 23, when the 
instruction break address and current execution 
address match, and the value of the flag register 24b 
is "1", the OR circuit 26 outputs an interrupt 
notification signal 67 to an interrupt control 
section 40. 
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The interrupt notification signal 67 output in 
this embodiment represents only that the instruction 
break generation condition is satisfied and does not 
includes that the condition of the conditional 
instruction is satisfied. Whether the condition of 
the conditional instruction is satisfied is 
determined by an interrupt handler as a program for 
condition determination, which is stored in a memory 
10 and started as the interrupt notification signal 

67 is received. 

More specifically, when receiving the interrupt 
notification signal 67 from the OR circuit 26, the 
interrupt control section 40 reads out an instruction 
address 73 at the time of interrupt from a program 
counter 21 of an instruction fetch section 20 and 
writes the instruction address 73 in a return address 
register 52 of a register section 50. A start 
address 66 of the interrupt handler for determining 
the condition of the conditional instruction is 
supplied to the instruction fetch section 20 and set 
in the program counter 21. The interrupt control 
section 40 also writes the processor state before the 
interrupt in a previous state register 53 and writes, 
in a present state register 54, the processor state 
that has transited in accordance with the interrupt. 
Thus, the processor transits from the user state to 
the supervisor state. 

The processor that has transited to the 
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supervisor state executes processing of the interrupt 
handler sequentially from the start address 66 of the 
interrupt handler, which is set in the program 
counter 21. 

Fig. 47 is a flow chart showing the processing 
procedure of the interrupt handler according to the 
18th embodiment. In the 18th embodiment, interrupt 
control based on determination of the condition of a 
conditional instruction, which is done by the 
hardware mechanism in the scalar processor of the 
10th embodiment, is performed by the function of 
software shown in the flow chart of Fig. 47. 

Referring to Fig. 47, the context is saved in 
step SI. More specifically, the value of the 
register section 50 used by the interrupt handler is 
written in the memory 10. In step S2, an entry 
corresponding to a break-interrupt generation address 
is obtained by looking up, e.g., the breakpoint table 
of an instruction execution section 30 shown in 
Fig. 3. More specifically, a breakpoint table as 
shown in Fig. 48 is set and held in the instruction 
execution section 30 in advance. Referring to 
Fig. 48, a column "VALID" represents whether the 
breakpoint operation is valid. The value "1" means a 
breakpoint operation valid state while the value "0" 
means a breakpoint operation invalid state. A column 
"ADDRESS" holds the target address of a breakpoint at 
which execution is to be stopped. 
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in step S2, an entry where one of instruction 
addresses stored in the address registers 24a of the 
breakpoint registers 24_ 0 to 24_ n shown in Fig. 3 or an 
instruction address as the factor of the 
break-interrupt is present is obtained from entries 
#0 to #n by looking up the column "ADDRESS " of the 
breakpoint table shown in Fig. 48. 

In step S3, it is determined whether an entry 
corresponding to the break-interrupt generation 
address is found in the breakpoint table. If NO in 
step S3, it is determined that the instruction break 
is invalid. The flow advances to step S4 to execute 
error processing for the invalid instruction break. 
If YES in step S3, the flow advances to step S5. 

In step S5, whether the breakpoint target 
instruction word (instruction word as the factor of 
the interrupt notification signal 67) is a 
conditional instruction. In step S6, it is 
determined whether the breakpoint target instruction 
word is a conditional instruction. If the 
instruction word is not a conditional instruction, 
the flow jumps to step S10 without performing 
processing for the instruction break. 

If the breakpoint target instruction word is a 
conditional instruction, the flow advances to step S7 
In step S7, it is determined by referring to the 
condition register 51 whether the condition of the 
breakpoint target instruction word as a conditional 
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instruction is satisfied. In step S8, it is 
determined whether the condition of the conditional 
instruction is satisfied. If the condition is not 
satisfied, the flow jumps to step S10 without 
performing processing for the instruction break. 

If the condition of the conditional instruction 
is satisfied, the flow advances to step S9 to execute 
processing for the instruction break. More 
specifically, in accordance with the sequentially 
incremented value of the program counter 21, an 
instruction word 62 of the interrupt handler is read 
out to the instruction fetch section 20, and the 
instruction execution section 30 sequentially 
executes processing toward the final address of the 
interrupt handler in accordance with the read-out 

instruction word. 

At the final stage of the interrupt handler 
corresponding to the interrupt, the context is 
restored in step S10. When context restoration 
processing is ended, the flow advances to step Sll. 
The instruction execution section 30 executes the 
break-interrupt return instruction to return the 
processor from instruction break interrupt processing 
to the previous application program processing. 

More specifically, the instruction execution 
section 30 reads out the value of the previous state 
register 53 and writes the value in the present state 
register 54. Thus, the processor transits from the 
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supervisor state to the user state. The instruction 
execution section 30 also reads out, from the return 
address register 52, the original instruction address 
to which the processor will return from the interrupt 
state, supplies the instruction address to the 
instruction fetch section 20 as a branch destination 
instruction address 65, and sets the address value in 
the program counter 21. 

On the basis of the original instruction address 
set in the program counter 21, the instruction fetch 
section 20 reads out the instruction word 62 for the 
normal operation from the memory 10, temporarily 
holds the instruction word in the instruction 
register 22, and then supplies the instruction word 
to the instruction execution section 30. The 
instruction execution section 30 executes the 
remaining part of processing of the application 
corresponding to the normal operation. 

As described above, when the breakpoint target 
instruction word is not a conditional instruction, 
and the condition of the conditional instruction is 
not satisfied, the flow immediately advances to step 
S10 without performing processing for the instruction 
break in step S9. In step S10, the context is 
restored. In step Sll, return processing from the 
instruction break-interrupt is executed, and then, 
processing returns to the operation of the original 
application program. 
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. As described above, in the 18th embodiment, 
whether the generation condition of the instruction 
break corresponding to the instruction break address 
and flag value is satisfied is determined by the 
determination sections 25_ 0 to 25_ n . In addition, 
whether the condition of the conditional instruction 
is satisfied is determined by software of the 
interrupt handler. Only when both conditions are 
satisfied, break-interrupt processing is actually 
executed. 

Thus, like in the 10th embodiment, in debugging a 
program including a conditional instruction, a 
break-interrupt can be controlled in accordance with 
whether the condition of the conditional instruction 
is satisfied. More specifically, in a situation 
where the instruction break generation condition is 
satisfied, when the condition of the conditional 
instruction is satisfied, a break-interrupt occurs. 
When the condition of the conditional instruction is 
not satisfied, or the supplied instruction is an 
unconditional instruction, a break-interrupt can be 
inhibited . 

In the 18th embodiment, processing corresponding 
to the scalar processor described in the 10th 
embodiment is implemented by the function of software 
Processing corresponding to the VLIW type processor 
described in the 11th and 12th embodiments or the 
parallel processor described in the 13th and 14th 
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embodiments can also be implemented by the function 

of software. 

For example, to implement determination of the 
condition of a conditional instruction by the 
function of software, unlike the 11th embodiment in 
which the determination is done by the hardware 
mechanism in the VLIW type processor, a flow chart 
shown in Fig. 4 9. is used. Referring to Fig. 49, in 
step S15, it is determined whether the long 
instruction word as a breakpoint target includes a 
short instruction formed from a conditional 
instruction. On the basis of the determination 
result, it is determined in step S16 whether the long 
instruction word as a breakpoint target contains a 
conditional instruction. 

When short instructions forming the long 
instruction word contain only unconditional 
instructions, the flow jumps to step S10. When a 
conditional instruction is contained, the flow 
advances to step S17. It is determined in step S17 
by referring to the condition register 51 whether the 
condition of the conditional instruction contained in 
the long instruction word as a breakpoint target is 
satisfied. In step S8, it is determined whether the 
condition of the conditional instruction is satisfied. 
Processing in the remaining steps is the same as 

described above. 

In this case, when the short instructions forming 
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the long instruction word include a conditional 
instruction, a break-interrupt can be controlled in 
accordance with whether the condition of the 
conditional instruction is satisfied. More 
specifically, in a situation where the instruction 
break generation condition is satisfied, when the 
condition of the conditional instruction is satisfied 
for any one of the short instructions, a 
break-interrupt occurs. When the condition of the 
conditional instruction is not satisfied for none of 
the short instructions, or all the short instructions 
are unconditional instructions, a break-interrupt can 

be inhibited. 

To implement determination of the condition of a 
conditional instruction by the function of software, 
unlike the 12th embodiment in which the determination 
is done by the hardware mechanism of the VLIW type 
processor, a flow chart shown in Fig. 50 is used. 
Referring to Fig. 50, in step S25, it is determined 
whether a short instruction of interest in short 
instructions forming a long instruction word as a 
breakpoint target is a conditional instruction. In 
step S26, it is determined whether the short 
instruction of interest is a conditional instruction. 

The short instruction in the long instruction 
word is specified using the breakpoint table held in 
the instruction execution section 30. More 
specifically, the breakpoint table has the 
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construction shown in Fig. 51. A column "DISP" is 
added to the breakpoint table shown in Fig. 48. The 
column "DISP" holds displacement information from the 
head portion of the long instruction word as a 
breakpoint target. One of the short instructions 
forming the long instruction word is specified using 
the displacement information together with the 
instruction break address held in the column 
"ADDRESS" . 

If it is determined in step S26 that the short 
instruction of interest is not a conditional 
instruction, the flow jumps to step S10. If the 
short instruction is a conditional instruction, the , 
flow advances to step S27. It is determined in step 
S27 by referring to the condition register 51 whether 
the condition of the conditional instruction of 
interest in the long instruction word as a breakpoint 
target is satisfied. In step S8, it is determined 
whether the condition of the conditional instruction 
is satisfied. Processing in the remaining steps is 
the same as described above. 

In this case, one of the short instructions 
forming the long instruction word is specified, and 
it is determined whether the condition of the 
conditional instruction is satisfied. A 
break-interrupt can be controlled in accordance with 
whether the condition is satisfied. More 
specifically, in a situation where the instruction 
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break generation condition is satisfied, when the 
condition of the designated conditional instruction 
is satisfied, a break-interrupt occurs. When the 
condition of the designated conditional instruction 
is not satisfied, or the designated short instruction 
is an unconditional instruction, a break-interrupt 

can be inhibited. 

To implement determination of the condition of a 
conditional instruction by the function of software, 
unlike the 13th embodiment in which the determination 
is done by the hardware mechanism of the parallel 
processor, a flow chart shown in Fig. 52 is used. 
Referring to Fig. 52, in step S35, it is determined 
whether a variable-length instruction word as a 
breakpoint target contains a basic instruction. On 
the basis of this determination result, it is 
determined in step S36 whether the variable-length 
instruction word contains a conditional instruction. 

When basic instructions forming the breakpoint 
target instruction word contain only unconditional 
instructions, the flow jumps to step S10. When a 
conditional instruction is contained, the flow 
advances to step S37. It is determined in step S37 
by referring to the condition register 51 whether the 
condition of the conditional instruction contained in 
the breakpoint target instruction word is satisfied. 
In step S8, it is determined whether the condition of 
the conditional instruction is satisfied. Processing 
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in the remaining steps is the same as described above. 

in this case, when the basic instructions forming 
the variable-length instruction word include a 
conditional instruction, a break-interrupt can be 
controlled in accordance with whether the condition 
of the conditional instruction is satisfied. More 
specifically, in a situation where the instruction 
break generation condition is satisfied, when the 
condition of the conditional instruction is satisfied 
for any one of the basic instructions, a 
break-interrupt occurs. When the condition of the 
conditional instruction is not satisfied for none of 
the basic instructions, or all the basic instructions 
are unconditional instructions, a break-interrupt can 

be inhibited. 

To implement determination of the condition of a 
conditional instruction by the function of software, 
unlike the 14th embodiment in which the determination 
is done by the hardware mechanism of the parallel 
processor, a flow chart shown in Fig. 53 is used. 
Referring to Fig. 53, in step S45, it is determined 
whether a basic instruction of interest in basic 
instructions forming a variable-length instruction 
word as a breakpoint target is a conditional 
instruction. In step S46, it is determined whether 
the basic instruction of interest is a conditional 

instruction. 

The basic instruction in the variable-length 
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instruction word is specified using a breakpoint 
tabie shown in Fig. 51. « this breakpoint tabie, a 
column "DISP" holds displacement information from the 
h ead portion of the variable-length instruction word 
as a breakpoint target. One of the basic 
instructions forming the variable-length instruction 
word is specified using the displacement information 
together with the instruction break address held rn 

the column "ADDRESS". 

If it is determined in step S46 that the basic 
instruction of interest is not a conditional 
instruction, the flow jumps to step S10. If the 
basic instruction is a conditional instruction, the 
flow advances to step S47. It is determined in step 
S47 by referring to the condition register 51 whether 
the condition of the conditional instruction of 
interest in the breakpoint target instruction word rs 
satisfied. in step SB, it is determined whether the 
condition of the conditional instruction is satisfied. 
Processing in the remaining steps is the same as 

described above. 

in this case, one of the basic instructions 
forming the variable-length instruction word is 
specified, and it is determined whether the condition 
of the conditional instruction is satisfied. A 
break-interrupt can be controlled in accordance with 
whether the condition is satisfied. More 
specifically, in a situation where the instruction 
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break generation condition is satisfied, when the 
condition of the designated conditional instruction 
is satisfied, a break-interrupt occurs. When the 
condition of the designated conditional instruction 
is not satisfied, or the designated basic instruction 
is an unconditional instruction, a break-interrupt, 
can be inhibited. 
(19th Embodiment) 

The 19th embodiment of the present invention will 
be described next with reference to drawings. 

Fig. 54 is a flow chart showing the processing 
procedure of an interrupt handler according to the 
19th embodiment. In Fig. 54, the same step numbers 
as in Fig. 47 denote the same processing contents as 
in Fig. 47. 

in the 19th embodiment, interrupt control based 
on determination of the condition of a conditional 
instruction, which is done by the hardware mechanism 
in the processor of the 15th embodiment, is performed 
by the function of software shown in the flow chart 
of Fig. 54. More specifically, in this embodiment, a 
function of switching between an instruction break 
mode in which an instruction break occurs when the 
instruction break generation condition is satisfied 
and a conditional instruction break mode in which an 
instruction break occurs when both the instruction 
break generation condition and the condition of the 
conditional instruction are satisfied is used. 
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The breakpoint table according to the 19th 
embodiment has the construction shown in Fig. 55. A 
column "MODE" is added to the breakpoint table shown 
in Fig. 48. The column "MODE" holds mode information 
on instruction break mode or conditional instruction 
break mode. In the mode information, the value "0" 
means the instruction break mode, while the value "1" 
means the conditional instruction break mode. 

Referring to Fig. 54, in this embodiment, when it 
is determined in step S3 that an entry corresponding 
to the break-interrupt generation address is found in 
the breakpoint table shown in Fig. 55, the flow 
advances to step S12. In step S12, it is determined 
by looking up the breakpoint table shown in Fig. 55 
whether the instruction break mode or the conditional 
instruction break mode is set for the entry. 

If the instruction break mode is set, the flow 
immediately advances to step S9 to execute processing 
for the instruction break because this mode generates 
a break-interrupt when the instruction break 
generation condition is satisfied. If the 
conditional instruction break mode is set, the flow 
advances to step S5 because this mode generates a 
break-interrupt only when the condition of the 
conditional instruction is also satisfied. 
Processing in the remaining steps is the same as 
described above with reference to Fig. 47. 

As described above, in the 19th embodiment, 
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whether the instruction break generation condition 
related to the instruction break address and the flag 
value is satisfied is determined by each of 
determination sections 2S_ 0 to 25... In the 
instruction break mode, when the instruction break 
generation condition is satisfied, a break-interrupt 
occurs. in the conditional instruction break mode, 
it is also determined by software of the interrupt 
handler whether the condition of the conditional 
instruction is satisfied. Only when both conditions 
are satisfied, a break-interrupt actually occurs. 

Thus, like in the 15th embodiment, when the 
conditional instruction break mode is designated, a 
break-interrupt can be controlled in accordance with 
whether the instruction break generation condition 
and the condition of the conditional instruction are 
satisfied. in addition, when the instruction break 
mode is designated, a break-interrupt can be 
controlled independently of whether the condition of 
the conditional instruction is satisfied, and in 
accordance with whether the instruction break 
generation condition is satisfied. 

in the example shown in Fig. 54, processing 
corresponding to each determination section of the 
scalar processing shown in Fig. 29 is implemented by 
the function of software. Processing corresponding 
to each determination section of the VL1W type 
processor described in each of the embodiments shown 
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in Figs. 30 and 31 or processing corresponding to 
each determination section of the parallel processor 
described in each of the embodiments shown in 
Figs. 32 and 33 can also be implemented by the 
function of software. 

For example, to apply the function to the VLIW 
type processor, processing in steps S5 to S7 in the 
flow chart of Fig. 54 is replaced by processing in 
steps S15 to S17 shown in Fig. 49 or processing in 
steps S25 to S27 shown in Fig. 50. To apply the 
function to the parallel processor, processing in 
steps S5 to S7 in the flow chart of Fig. 54 is 
replaced by processing in steps S35 to S37 shown in 
Fig. 52 or processing in steps S45 to S47 shown in 
Fig . 53 . 

However, when the processing is replaced by 
processing in steps S25 to S27 shown in Fig. 50 or in 
steps S45 to S47 in Fig. 53, a breakpoint table shown 
in Fig. 56 must be used. 
(20th Embodiment) 

The 20th embodiment of the present invention will 
be described next with reference to drawings. 

Fig. 57 is a flow chart showing the processing 
procedure of an interrupt handler according to the 
20th embodiment. In Fig. 57, the same step numbers 
as in Fig. 47 denote the same processing contents as 
in Fig. 47. The breakpoint table has the same 
construction as in Fig. 48. 
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in the 20th embodiment, interrupt control based 
on determination of the condition of a conditional 
instruction, which is done by the hardware mechanism 
in the processor of the 16th embodiment, is performed 
by the function of software shown in the flow chart 
of Fig. 57. More specifically, in this embodiment, a 
function of generating a break-interrupt not only 
when the condition of a conditional instruction is 
satisfied but also when the breakpoint target 
instruction word is an unconditional instruction. 

In the 18th embodiment shown in Fig. 47, if it is 
determined in step S6 that the breakpoint target 
instruction word is not a conditional instruction, 
the flow immediately jumps to step S10 without 
performing processing for the instruction break in 
step 39. However, in the 20th embodiment shown in 
Fig. 57, even when it is determined in step S6 that 
the breakpoint target instruction word is not a 
' conditional instruction, the flow advances to step S9 
to execute processing for the instruction break. 

As described above, in the 20th embodiment, 
whether the instruction break generation condition 
related to the instruction break address and the flag 
value is satisfied is determined by each of 
determination sections 25_ 0 to 25_ n . When the 
condition is satisfied, it is also determined whether 
the breakpoint target instruction word is a 
conditional instruction. If the breakpoint target 



- 159 - 



instruction word is an unconditional instruction, a 
break-interrupt unconditionally occurs. If the 
breakpoint target instruction word is a conditional 
instruction, it is further determined by software of 
the interrupt handler whether the condition of the 
conditional instruction is satisfied. Only when this 
condition is satisfied, a break-interrupt actually 
occurs . 

Thus, like in the 16th embodiment, when the 
supplied instruction word is a conditional 
instruction, a break-interrupt can be controlled in 
accordance with whether the instruction break 
generation condition and the condition of the 
conditional instruction are satisfied. Even when the 
supplied instruction word is an unconditional 
instruction, a break-interrupt can be controlled in 
accordance with whether the instruction break 
generation condition is satisfied. 

in the example shown in Fig. 57, processing 
corresponding to each determination section of the 
scalar processing shown in Fig. 35 is implemented by 
the function of software. Processing corresponding 
to each determination section of the VLIW type 
processor described in each of the embodiments shown 
in Figs. 36 and 37 or processing corresponding to 
each determination section of the parallel processor 
described in each of the embodiments shown in 
Figs. 38 and 39 can also be implemented by the 
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function of software. 

For example, to apply the function to the VLIW 
type processor, processing in steps S.5 to S7 in the 
flow chart of Fig. 57 is replaced by processing in 
steps S15 to S17 shown in Fig. 49 or processing in 
steps S25 to S27 shown in Fig. 50. To apply the 
function to the parallel processor, processing in 
steps S5 to S7 in the flow chart of Fig. 57 is 
replaced by processing in steps S35 to S37 shown in 
Fig. 52 or processing in steps S45 to S47 shown in 
Fig . 5 3. 

However, when the processing is replaced by 
processing in steps S25 to S27 shown in Fig. 50 or in 
steps S45 to S47 in Fig. 53, a breakpoint table shown 
in Fig. 51 need be used. 
(21st Embodiment) 

The 21st embodiment of the present invention will 
be described next with reference to drawings. 

Fig. 58 is a flow chart showing the processing 
procedure of an interrupt handler according to the 
21st embodiment. In Fig. 58, the same step numbers 
as in Fig. 54 denote the same processing contents as 
in Fig. 54. The breakpoint table has the same 
construction as in Fig. 55. 

In the 21st embodiment, the 19th embodiment and 
20th embodiment are combined. More specifically, in 
this embodiment, a function of switching between an 
instruction break mode in which an instruction break 
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occurs when the instruction break generation 
condition is satisfied and a conditional instruction 
break mode in which an instruction break occurs when 
both the instruction break generation condition and 
the condition of the conditional instruction are 
satisfied is used. In addition, a function of 
generating a break-interrupt not only when the 
condition of a conditional instruction is satisfied 
but also when the breakpoint target instruction word 
is an unconditional instruction. 

Referring to Fig. 58, when it is determined in 
step S3 that an entry corresponding to the 
break-interrupt generation address is found in the 
breakpoint table shown in Fig. 55, the flow advances 
to step S12. In step S12, it is determined by 
looking up the breakpoint table shown in Fig. 55 
whether the instruction break mode or the conditional 
instruction break mode is set for the entry. 

If the instruction break mode is set, the flow 
immediately advances to step S9 to execute processing 
for the instruction break because this mode generates 
a break-interrupt when the instruction break 
generation condition is satisfied. If the 
conditional instruction break mode is set, the flow 
advances to step S5 because this mode generates a 
break-interrupt only when the condition of the 
conditional instruction is also satisfied. 

It is determined in step S5 whether the 
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breakpoint target instruction word is a conditional 
instruction, and then it is determined in step S6 
whether the instruction word is a conditional 
instruction. If the breakpoint target instruction 
word is not a conditional instruction, the flow 
advances to step S9 to execute processing for the 
instruction break. If the breakpoint target 
instruction word is a conditional instruction, the 
flow advances to step S7 to perform the subsequent 
part of processing. Processing in the remaining 
steps is the same as described above in Fig. 54. 

As described above, according to the 21st 
embodiment, when the conditional instruction break 
mode is designated, a break-interrupt can be 
controlled in accordance with whether the instruction 
break generation condition and the condition of the 
conditional instruction are satisfied. Additionally, 
when the instruction break mode is designated, a 
break-interrupt can be controlled independently of 
whether the condition of the conditional instruction 
is satisfied and in accordance with whether the 
instruction break generation condition is satisfied. 

Furthermore, when the conditional instruction 
break mode is designated, and the supplied 
instruction word is a conditional instruction, a 
break-interrupt can be controlled in accordance with 
whether the instruction break generation condition 
and the condition of the conditional instruction are 
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satisfied. Also, even when the supplied instruction 
word is an unconditional instruction, a 
break-interrupt can be controlled in accordance with 
whether the instruction break generation condition is 
satisfied . 

in the example shown in Fig. 58, processing 
corresponding to each determination section of the 
scalar processing shown in Fig. 41 is implemented by 
the function of software. Processing corresponding 
to each determination section of the VLIW type 
processor described in each of the embodiments shown 
in Figs. 42 and 43 or processing corresponding to 
each determination section of the parallel processor 
described in each of the embodiments shown in 
Figs. 44 and 45 can also be implemented by the 
function of software. 

For example, to apply the function to the VLIW 
type processor, processing in steps S5 to S7 in the 
flow chart of Fig. 58 is replaced by processing in 
steps S15 to S17 shown in Fig. 49 or processing in 
steps S25 to S27 shown in Fig. 50. To apply the 
function to the parallel processor, processing in 
steps S5 to S7 in the flow chart of Fig. 58 is 
replaced by processing in steps S35 to S37 shown in 
Fig. 52 or processing in steps S45 to S47 shown in 
Fig . 5 3. 

However, when the processing is replaced by 
processing in steps S25 to S27 shown in Fig. 50 or in 
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steps S45 to S47 in Fig. 53, a breakpoint table shown 
in Fig. 56 must be used. 
(22nd Embodiment) 

The 22nd embodiment of the present invention will 
be described next with reference to drawings. 

In the 18th to 21st embodiments, an application 
to a so-called instruction breakpoint function has 
been described, in which the address of an 
instruction requesting an interrupt is set in a 
register, and a break-interrupt is generated when the 
instruction break address set in this register 
matches the address of the actually executed 
instruction . 

In the 22nd embodiment to be described below, an 
application to a so-called software breakpoint 
function will be described, in which an instruction 
designated at an arbitrary position in a processor is 
replaced with a breakpoint instruction for an 
interrupt, and a break-interrupt is generated when 
the replaced breakpoint instruction is executed 
during sequential execution of the program. 

In the 22nd embodiment, the overall construction 
of a data processing system (processor) for 
implementing the software break scheme is the same as 
that shown in Fig. 4. Referring to Fig. 4, when a 
breakpoint instruction is supplied in executing an 
instruction supplied from an instruction fetch 
section 20 by an instruction execution section 30, 
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the instruction execution section 30 notifies an 
interrupt control section 40 of the software 
break- interrupt using an interrupt notification 
signal 82 . 

When receiving the interrupt notification signal 
82 from the instruction execution section 30, the 
interrupt control section 40 reads out an instruction 
address 73 at the time of interrupt from a program 
counter 21 of the instruction fetch section 20 and 
writes the instruction address 73 in a return address 
register 52 of a register section 50. A start 
address 66 of the interrupt handler for determining 
the condition of a conditional instruction is 
supplied to the instruction fetch section 20 and set 
in the program counter 21. The interrupt control 
section 40 also writes the processor state before the 
interrupt in a previous state register 53 and writes, 
in a present state register 54, the processor state 
that has transited in accordance with the interrupt. 
Thus, the processor transits from the user state to 
the supervisor state. 

The processor that has transited to the 
supervisor state executes processing of the interrupt 
handler sequentially from the start address 66 of the 
interrupt handler, which is set in the program 
counter 21, in accordance with the flow chart shown 
in Fig. 47, 49, 50, 52, 53, 54, 57, or 58. 

In these flow charts, in step S4, not error 
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processing for an invalid instruction break but error 
processing for an invalid software break is performed. 
In step S9, not processing for an instruction break 
but processing for a software break is performed. In 
step Sll, not return processing from an instruction 
break-interrupt but return processing from a software 
break-interrupt is performed. 

As a breakpoint table used in these processing 
operations, one of the breakpoint tables shown in 
Figs. 5, 59, 60, and 61 is used in accordance with 
the presence/absence of displacement information 
(DISP) from the head portion of a long instruction 
word of a VLIW type processor or a variable-length 
instruction word of a parallel processor, or the 
switching function (MODE) between the instruction 
break mode and the conditional instruction break mode. 

In the 22nd embodiment as well, the same effects 
as described in the 18th to 22nd embodiments can be 
obtained . 

The interrupt control apparatus of each of the 
above-described embodiments is constructed by a CPU, 
a MPU, a RAM, or a ROM of a computer and can be 
implemented by running a program stored in the RAM or 
ROM. Hence, the apparatus can be implemented by 
recording a program for causing the computer to 
execute the above functions on a recording medium 
such as a CD-ROM and causing the computer to load the 
program. As a recording medium for recording the 
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program, not a CD-ROM but a floppy disk, a hard disk, 
a magnetic tape, an optical magnetic disk, or a 
nonvolatile memory card may be used. 

The functions of the above-described embodiments 
need not always be implemented by causing the 
computer to execute the supplied program. Such a 
program is incorporated in the embodiments of the 
present invention even when the functions of the 
above-described embodiments are implemented by the 
program cooperating with the OS (Operating System) or 
another application software program running on the 
computer, or the functions of the above-described 
embodiments are implemented by entirely or partially 
executing processing of the supplied program by the 
function expansion board or function expansion unit 
of the computer. 

The above-described embodiments are merely 
detailed examples for practice of the present 
invention and do not allow limited interpretation of 
the technical scope thereof. That is, the present 
invention may be embodied in various forms without 
departing from the spirit and scope thereof. 
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